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COWERSION  FACTORS,  INCH-POUND  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


Inch-pound  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply 


By 


To  Obtain 


feet 

inches 

kips  ( 1000  ib  force ) 
kip  (force) -feet 
kips  (force)  per  square  foot 
pounds  (force)  per  square  foot 
pounds  (force)  per  square  inch 
pounds  (mass)  per  cubic  foot 
square  feet 
square  inches 


0.3048 

2.54 

4.448222 

1.355818 

47.880263 

47.880263 

6.894757 

16.0184634 

0.09290304 

6.4516 


metres 

centimetres 

newtons 

newton-metres 

kilopascals 

pascals 

kilopascals 

kilograms  per  cubic  metre 
square  metres 
.square  centimetres 


USER'S  GUIDE:  COMPUTER 


OR  INVESTIGATION 
OF  QRl’HOGONAL  CULVERTS  (CORTCUL) 


PART  I ;  INTRODUCTION 


General 


1.  This  user's  guide  describes  a  computer  program  called  "CORTCUL" 
that  can  be  used  for  design  or  investigation  of  ortiiogonal,  reinforced  con¬ 
crete  culverts  by  either  working  stress  design  (WSD)  or  strength  design  (SD) 
procedures.  CORTCUL  is  designated  X0024  in  the  Conversationally  Oriented 
Real-Time  Program-Generating  _System  (CORPS)  library.*  In  the  DESIGN  mode, 
the  program  determines  the  required  thicknesses  and  reinforcement  areas  for 
given  soil  loadings  and  culvert  opening  sizes.  In  the  INVESTIGATION  mode, 
material  stresses  or  factors  of  safety  are  calculated  for  specified  struc¬ 
tural  geometries  and  loadings.  The  program  was  developed  from  specifica¬ 
tions  furnished  by  the  Corps  of  Engineers'  Computer-Aided  Structural 
Engineering  (CASE)  Task  Group  on  Culverts  and  Conduits.  The  program  fol¬ 
lows  as  a  minimum  the  procedures  outlined  in  Engineer  Manual  1110-2-2902, 
"Conduits,  Culverts  and  Pipes,"  dated  3  March  1969. 

Report  Organization 

2.  This  report  is  divided  into  the  following  parts: 

P^J^t  II  describes  the  general  culvert  and  soil  system  to  be 
designed  or  investigated  by  the  program. 

III  describes  the  loads  and  loading  combinations  used 
for  design  and/or  investigation. 

£*  P^J^t  IV  describes  the  structural  model  of  the  culvert  used  to 
determine  internal  forces. 


*  Three  sheets  entitled  "PROGRAM  INFORMATION"  have  been  hand-inserted 
inside  the  front  cover  of  this  report.  They  present  general  informa¬ 
tion  on  the  program  and  describe  how  it  can  be  accessed.  If  pro¬ 
cedures  used  to  access  this  and  other  CORPS  library  programs  should 
change,  recipients  of  this  report  will  be  furnished  a  revised  version 
of  the  "PROGRAM  INFORMATION." 


V  reviews  the  methods  and  procedures  employed  in  the 
DES IGN  mode . 

Part  VI  discusses  the  methods  and  procedures  used  in  the 
INVESTIGATION  mode. 

Part  VII  describes  the  computer  program. 

3.-  Part  VIII  presents  example  solutions  obtained  with  the 
program . 


Disclaimer 


3.  As  stated  above,  the  program  was  developed  using  criteria  furnish¬ 
ed  by  the  CASE  Task  Group  on  Culverts  and  Conduits.  The  design  procedures 
and  philosophy  embodied  in  the  program  do  not  necessarily  represent  the 
views  of  the  author. 

4.  The  program  has  been  checked  within  reasonable  limits  to  assure 
that  the  results  are  accurate  within  the  limitations  cf  the  procedures  em¬ 
ployed.  However,  there  may  exist  unusual  situations  which  were  not  antici¬ 
pated  which  may  cause  the  program  to  produce  questionable  results.  It  is 
the  responsibility  of  the  user  to  judge  the  validity  of  the  results,  and  no 
responsibility  is  assumed  for  the  design  or  behavior  of  any  structure  based 
on  the  results  of  this  program. 


8 


PART  II:  THE  SYSTEM 


General 


!3.  A  cross  section  of  the  general  system  used  in  the  development 
of  the  computer  program  is  shown  in  Figure  1.  It  was  assumed  that  the 
conditions  depicted  in  Figure  1  permit  a  planar  analysis  of  a  unit  slice 
to  be  representative  of  the  behavior  of  the  three-dimensional  system. 

Culvert 


0.  The  culvert,  shown  in  Figure  1,  is  assumed  to  be  a  monolithic 
reinforced  concrete  structure  possessing  the  following  characteristics: 

a.  The  thickness  of  the  horizontal  roof  slab,  T(l),  is  con¬ 
stant  throughout  the  width  of  the  structure. 

b.  The  two  exterior  vertical  walls  have  the  same  thickness, 
T(2)  . 

All  interior  vertical  walls  have  the  same  thickness,  T(4). 
d.  The  horizontal  base  slab  has  a  constant  thickness,  T(3), 
throughout  the  width  of  the  structure. 

_e.  The  culvert  encloses  one  (1)  to  nine  (9)  openings  (1 
NCELLS  1  9)  . 

The  height  of  all  cells  (RISE)  is  constant, 
g.  In  the  DESIGN  mode  the  cells  are  assumed  to  have  the  same 
width  (WIDTH(I)  =  constant). 

Jh.  In  the  INVESTIGATION  mode  cell  widths  may  differ. 

J..  45®  haunches  may  be  specified  at  the  intersections  of  ver¬ 

tical  and  horizontal  elements.  Haunches  of  equal  size,  H, 
are  assumed  to  exist  at  every  intersection, 
j.  The  elevation  of  the  invert,  ELINV  (Figure  1),  is  assumed 
to  be  fixed.  Adjustments  in  member  thickness  which  occur 
during  the  DESIGN  process  may  result  in  variations  in  the 
elevations  at  other  locations  in  the  structure. 
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Figure 


Reinforcement 


7.  Non-prestressed  reinforcement  is  assumed  to  exist  in  eacli  cle¬ 
ment  of  the  culvert.  The  location  and  amount  of  reinforcement  depends 
on  the  mode — DESIGN  or  INVESTIGATION  —  in  which  the  program  is  o]:»orating. 

o.  In  the  DESIGN  mode  the  program  determines  the  required  area  of 
rciut orc.'i'mont  in  eacii  element.  A  singly  reinforced  cross  scctioii  is 
assumed  with  the  location  of  the  reinforcement  dictated  by  the  amount  of 
.:oncrete  cover  provided  as  in}>ut  for  eacli  surface  as  follows: 

a.  Exterior  surfaces. 

b.  Interior  surfaces  of  roof  and  exterior  vortical  walls. 

£.  Interior  surface  of  base. 

d.  Interior  vertical  walls  (if  zero  is  specified  for  tliese 

walls,  the  reinforcement  is  assumed  to  be  at  the  center  of 
the  walls) . 

In  the  INVESTIGATION  mode  reinforcement  areas  are  input  for  each 
member  to  be  considered.  In  the  INVESTIGATION  mode  doubly  reinforc^^d 
sections  may  be  described. 

Culvert  Material  Properties 

10.  The  following  material  properties  are  provided  as  input,  calcu¬ 
lated  by  the  program,  or  defined  internally. 

a.  Concrete  ultimate  compressive  strength 

f  (psi)  (input) 
c 

b.  Concrete  working  stress 

f  =  0.45  f'  (calculated) 

ca  c 

c.  Concrete  unit  weight 

w  (pcf)  (input) 

d.  Concrete  modulus  of  elasticity 

E  =  31  f'  (psi)  (calculated) 

c  c 

e.  Concrete  ultimate  strain 

=  0.003  (set) 
c 

f.  Concrete  Poisson's  ratio 

V  =  0.:^  (set) 
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2^.  Reinforcement  yield  strength 
(psi)  (input) 

h-  Reinforcement  working  stress 

f  =  0,5  f  (calculated,  <  20  ksi) 
sa  y 

Reinforcement  modulus  of  elasticity 
6 

=  29  X  10  (psi)* (set) 

Modular  ratio 

n  =  E  /E  (calculated) 
s  c 

Soil 

11.  The  culvert  is  assumed  to  be  imbedded  in  the  general  soil  sys¬ 
tem  shown  in  Figure  1.  The  soil  system  is  assumed  to  be  composed  of  one 
(1)  to  three  (3)  horizontal  homogeneous  layers.  Each  soil  layer  is 
characterized  by: 

The  elevation  (ft)  at  the  top  of  the  layer,  ELLAY  (  ), 

Figure  1- 

b.  The  moist  unit  weight  (pcf) . 

c^.  The  saturated  unit  weight  (pcf)  . 

12.  The  effective  unit  weight  of  the  soil  is  determined  by  the  pro- 
graun  according  to  the  position  of  the  groundwater  elevation.  For  soil 
above  groundwater  level  the  moist  unit  weight  is  used.  For  soil  below 
groundwater  level  the  unit  weight  of  water  is  subtracted  from  the  satu¬ 
rated  soil  weight  to  obtain  the  effective  soil  weight. 

11.  Subsurface  soil  layers  may  begin  at  any  elevation.  However, 
the  elevation  of  the  top  soil  layer  must  be  at  or  above  ELINV.  The  low¬ 
est  soil  layer  described  is  assumed  to  extend  ad  infinitum  downward. 

Water 

14.  Two  water  effects  are  considered  by  the  program. 

♦  A  table  of  factors  for  converting  inch-pound  units  of  measurement  to 
metric  (SI)  units  is  presented  on  page  6. 
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Groundwater 


15-  Groundwater  level,  GWATEL  (Figure  1),  may  be  at  any  elevation. 
Groundwater  has  the  dual  effect  of  altering  the  effective  unit  weight  of 
submerged  soil  and  of  imparting  hydrostatic  loads  on  the  external  sur¬ 
faces  of  the  culvert. 


Internal  Water 


16.  In  the  DESIGN  mode  the  cells  of  the  culvert  are  assumed  to  be 
empty.  In  the  INVESTIGATION  mode  effects  of  internal  water  are  imposed 
on  each  of  the  standard  load  cases  by  specifying  the  elevation  of  the 
water  level  in  each  cell.  If  the  internal  water  elevation  in  a  cell  is 
below  ELINV,  that  cell  is  assumed  to  be  empty.  An  internal  water  eleva¬ 
tion  in  any  cell  above  ELINV  may  result  in  hydrostatic  pressures  on  all 
internal  surfaces  of  that  cell. 

Surface  Surcharge  Load 

17.  A  uniform  surcharge  load  may  be  imposed  on  the  ground  surface, 
SURCH  (Figure  1) -  This  surcharge  load  permits  accounting  for  effects  on 
the  ground  surface  such  as  pool  water  above  a  clay  blanket,  weight  of  a 
structural  slab  or  pavement,  or  weight  of  rock  overburden. 


PART  III:  LOADS  ON  CULVL'RT 


General 

18.  Loads  acting  on  the  structure  are  separated  into  three  cate¬ 
gories  : 

a.  Standard  Loads — loads  imparted  by  soil,  groundwater,  surface 
surcharge,  and  weight  of  the  structure.  The  magnitudes  and 
distributions  of  these  loads  are  determined  by  the  program. 

b.  Special  Loads — loads  acting  directly  on  individual  members. 
These  loads  are  described  member  by  member  in  the  input  data 

£.  Internal  Water  Loads — loads  imparted  by  water  in  individual 
cells.  The  magnitudes  and  distributions  are  calculated  by 
the  program  and  superimposed  on  the  Standard  Loads. 

19.  In  the  DESIGN  mode  only  the  Standard  Loads  are  considered. 

These  loads  are  self-equilibrating  in  the  horizontal  direction  and  do 
not  produce  an  unbalanced  moment  resultant. 

20.  In  the  INVESTIGATION  mode  the  structure  may  be  subjected  to; 

a .  Standard  loads . 

b.  Standard  loads  with  internal  water  loads. 

£.  Special  loads  with  all  loads  provided  as  prograiri  input . 

Standard  Loads 

21.  In  the  following  paragraphs  the  procedures  used  to  determine 
the  magnitudes  and  distributions  of  the  loads  due  to  the  surface  sur¬ 
charge,  soil,  water,  and  structure  weight  are  described.  As  will  be 
discussed  later,  the  relative  magnitudes  of  these  loads  may  be  altered 
by  application  of  load  coefficients.  Unit  coefficients  are  assumed  in 
the  development  below.  Loads  and  distributions  are  shown  schematically 
in  Figures  2,  3,  4,  and  5. 

Surface  Surchiarge  Load 

22.  Pressures  due  to  the  surface  surcharge  are  uniformly  distributed 
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on  the  top  and  external  vertical  surfaces  of  the  culvert,  as  shown  in 
Figure  2. 


Groundwater 


23-  The  magnitude  and  distribution  of  hydrostatic  pressure  duo  to 
groundwater  depends  on  the  groundwater  elevation,  Figure  3. 

GWPRTP  =  (GWATEL  -  TOPEL) *7 

w 

(GWPRTP  =  0  if  GWATEL  TOPEL  ) 

GWPRBT  =  (GWATEL  -  BOTEL) -y 

W 

Soil 


24,  Vertical  and  horizontal  soil  pressures  on  the  top  and  exterior 
vertical  surfaces,  respectively,  are  equal  to  the  vertical  soil  pressure 
due  to  the  total  effective  soil  weight  above  each  point.  Vertical  soil 
pressure  on  the  top  surface  is  uniformly  distributed.  Figure  4.  Horizon¬ 
tal  soil  pressures  on  the  vertical  exterior  surfaces  may  vary, as  illus¬ 
trated  in  Figure  4, depending  on  the  elevations  of  the  groundwater  and/or 
soil  layer  boundaries. 


Structure  Weight 


2!3,  The  weight  of  the  top  slab  is  applied  as  a  uniform  load  on  the 
top  members,  as  illustrated  in  Figure  S,  where 
DWPR  =  WT(1) 

The  weights  of  the  vertical  walls  arc  applied  as  concentrated  loads,  Figure 
5,  at  the  "joints"  (see  section  on  structure  modeling)  at  the  base  slab, 
where 

D^,  =  wT(2)  •RISE 
L 


and 


=  wT  (4)  •RISE 

The  weight  of  the  base  slab  is  assumed  to  have  no  influence  on  the  inter¬ 
nal  forces  in  the  structure. 
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Load  Coefficients 


26.  Relative  magnitudes  of  the  unit  pressures  described  above  may 
be  altered  by  specifying  pairs  of  vertical  and  horizontal  pressure  co¬ 
efficients,  CV,  CH,  respectively.  The  combination  of  pressures  altered 
by  these  coefficients  is  referred  to  as  a  Standard  Load  case.  Up  to 
four  (4)  Standard  Load  cases  are  permitted.  These  Standard  Load  cases 
allow  compliance  with  the  provisions  of  Reference  (5) . 

Load  Factors 


27,  If  the  SD  method  is  used,  relative  magnitudes  of  the  above  loads 
are  also  amplified  for  live  load  and  dead  load  factors,  FLL  and  FDL,  re¬ 
spectively-  All  loads  except  those  due  to  structure  weight  are  consider¬ 
ed  to  be  live  loads.  Tcible  1  shows  the  various  effects  of  Load  Coeffi¬ 
cients  and  Load  Factors  on  each  component  of  the  Standard  Loads. 


Special  Loads 


2o.  Up  to  four  (4)  Special  Load  cases  may  be  described  for  the 
INVESTIGATION  mode.  These  loads  are  considered  separately  from  any  Stan¬ 
dard  Load  cases  which  may  be  present.  Special  loads  are  applied  directly 
to  the  members  of  the  culvert  and  their  description  is  related  to  a  coor¬ 
dinate  system  defined  for  each  member,  as  shown  in  Figure  6.  "Joints"  of 
the  structural  model  are  defined  at  the  intersections  of  the  centerlines 
of  the  vertical  and  horizontal  members,  as  shown  in  Figure  6a.  A  coordi¬ 
nate  system  is  then  defined  for  each  member,  as  shown  in  Figure  6b.  For 
purposes  of  describing  Special  Loads,  a  member  is  assiimed  to  extend  be¬ 
tween  the  limits  shown  in  Table  2.  Eight  load  types  are  available  for 
special  loads,  as  shown  in  Figure  7.  Member  loads  are  positive  if  they 
act  in  the  positive  member  coordinate  direction.  In  all  cases  shown  in 
Figure  7,  the  dimensions  defining  member  loads  must  satisfy  the  following 
restrictions : 


and 


Ll  <  D1  <  L2 


D1  <  D2  L2 

where  Ll  and  L2  are  the  member  limits  given  in  Table  2.  Several  of  these 
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distributions  may  be  applied  to  a  single  member.  Loads  applied  in  the 
member  x  direction  are  assumed  to  act  along  the  member  centerline. 

Special  Load  Coefficients  and  Factors 


29.  The  loads  described  for  each  Special  Load  case  are  used  without 
alteration  for  WSD.  All  Special  Loads  are  assumed  to  be  live  loads  and 
are  multiplied  by  FLL  (see  Table  1)  for  SD. 


Unbalanced  Loads 


30.  As  stated  previously,  Standard  Loads  for  DESIGN  are  self- 
equilibrating  in  the  horizontal  direction  and  have  no  resultant  moment. 
However,  a  vertical  force  equal  to  the  resultant  of  soil,  water,  and 
structure  weight  loads  must  be  applied  to  provide  for  vertical  equili¬ 
brium.  Special  Loads  may  be  described  which  produce  unbalanced  horizon¬ 
tal,  vertical,  and  moment  resultants.  In  addition,  when  internal  water 
is  present  and  is  combined  with  the  Standard  Loads  in  the  INVESTIGATION 
mode,  the  combination  may  produce  unbalanced  vertical  and  moment  resul¬ 
tants-  The  manner  in  which  forces  are  added  to  place  the  structure  in 
total  equilibrium  depends  on  the  mode--DESIGN  or  INVESTIGATION — in  which 
the  program  is  operating  as  described  below. 

Reactions  for  DESIGN 


31.  Only  Standard  Loads  are  used  in  the  DESIGN  mode,  hence  only  a 
reaction  equal  to  the  resultant  of  the  vertical  loads  due  to  soil,  water, 
and  structure  weight  is  required.  The  magnitude  of  this  reaction  depends 
on  the  load  coefficients  described  for  each  Standard  Load  case  as  well  as 
on  the  Method — WSD  or  SD — employed.  The  equilibrating  reaction  for  the 
resultant  for  each  Standard  Load  case  in  the  DESIGN  mode  is  assumed  to  be 
provided  by  a  distributed  foundation  reaction  acting  on  the  base  of  the 
structure.  Three  (3)  0}>tions  are  provided  for  describing  the  distribu¬ 
tion  of  the  base  reaction,  as  shown  in  Figure  8.  The  user  selects  which 
distribution  is  to  be  used  by  providing  values  of  two  parameters  I  and  J. 
The  values  of  1  and  J  indicate  the  rt^lative  magnitudes  of  the  pressures 
at  the  edge  and  centerline,  QE  and  QCL,  respectively,  as  shown  in  Figure 
8.  Determination  of  and  (^CTi  required  to  equilibrate  the  resultant  V 
of  the  soil,  water,  and  structure  weight  is  shown  in  Table  3. 


CHII.VKHT 


a 


a.  Uni  form  (1  -  J) 


c-  Trapc‘Zoidal  (I  >  J) 


Kiqure  B.  Raso  reaction  tor  deriqn 
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Reactions  for  INVESTIGATION 


32.  In  the  INVESTIGATION  mode  combinations  of  Standard  Loads  and 
internal  water,  or  Special  Loads,  may  produce  unbalanced  horizontal, 
vertical,  and  moment  resultants.  Prior  to  solution,  four  (4)  resultants 
for  each  load  case  are  established: 

H  =  resultant  of  all  horizontal  forces; 
liM  =  resultant  moment,  about  the  lower  lefthand  joint 
(Figure  6a), of  all  horizontal  forces; 

V  =  resultant  of  all  vertical  forces;  and 
VM  =  resultant  moment,  about  the  culvert  centerline, of 
all  vertical  forces. 

When  unbalanced  resultants  are  encountered,  it  is  assumed  that  equili- 
brants  of  these  unbalanced  resultants  are  produced  by  forces  acting 
only  on  the  horizontal  members  of  the  culvert  as  described  below.  The 
user  has  the  option  of  specifying  self-equilibrating  loads  on  the  struc¬ 
ture  via  the  Special  Load  cases,  in  which  case  no  additional  reactions 
are  necessary. 


Reactions  for  H  and  HM 


3  2,  Unbalanced  resultants,  H  and  IIM,  due  to  horizontal  loads  are 
equilibrated  by  uniformly  distributed  horizontal  forces  on  the  top  and 
bottom  members  of  the  culvert,  as  shown  in  Figure  9. 

Reactions  for  V  and  Vll 


34.  Unbalanced  resultants,  V  and  VM,  due  to  vertical  loads  are 
equilibrated  by  vertical  distributed  forces  acting  on  the  horizontal  mem¬ 
bers  of  the  culvert.  It  is  implicitly  assumed  that  these  reactions  are 
due  to  pressures  exerted  on  the  culvert  by  the  surrounding  soil;  hence 
only  compressive  reactions  are  permitted.  Consequently,  the  reaction 
force  may  be  applied  to  either  the  top  or  bottom  of  the  culvert  or  to 
both,  depending  on  the  magnitudes  and  directions  of  V  and  VM.  The  ex¬ 
tent  of  the  reaction  distribution  over  the  top  or  bottom  surfaces  depends 
on  the  location  of  a  single  force  equivalent  to  the  combination  of  V  and 


VM.  The  various  reaction  distributions  and  magnitudes  used  in  the  pro¬ 
gram  are  shown  in  Figure  10, 
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PART  IV;  STRUCTURAL  MODELING  AND  ANALYSIS 


General 


35.  The  one-foot  slice  of  the  culvert  is  assumed  to  behave  as  a 
linearly  elastic,  plane  frame  structure.  A  matrix  stiffness  method  modi¬ 
fied  to  account  for  conditions  at  the  intersections  of  Uie  members  is 
used  to  analyze  the  structure.  This  method  includes  thc^  effects  of 
translations  and  rotations  on  the  internal  axial  forces,  shears,  and 
bending  moments.  The  effects  of  distortions  due  to  shear  stresses  are 
included  in  the  assessment  of  member  force-displacement  relationships. 

The  stiffness  method  is  well  documented  and  only  a  sumiriary  description 
is  provided  below. 


Structural  Modeling 


The  culvert  slice  is  reduced  to  an  assemblage  of  ]  inr'  frame-  rm‘m- 
hers  which  lie  along  the  centerlines  of  the  culvert  walls  and  slabs. 
Joints  are  defined  at  the  intersections  of  members.  vloint  and  mt.'mlx'r 
numbers  used  in  the  i:iroqram  are  shown  in  Figure  11.  i:ac!\  punt  ui  fia 
structure  undergoes  three  disi)lacemont  compor'ents: 

u  -  translation  in  the  global  x  diret*tion 
v  -  translation  iii  the  global  y  direction 
0  -  rotation  (positive  counterclockwise). 

Mc^ml^er  Descr  i]>t  i ot i 

37.  bach  {member  in  thc^  frame  is  assigi.^’d  a  IcxmI  coordinate'  e,yj-j<  rn 
a.s  df'seribed  pri^viously,  Fiejure  and  is  assuiiK'd  ta-  t  xlend  ia  t  w<‘ori  t  Ir 

limits  defined  in  Table  2.  As  d«.’Soribed  in  fa*  f  (  r  t-iaa  ■ ; ;  1  arj  i  1,  firni*' 
member  siy.e  near  the-  is  acct)untod  fc**'  liy  assiaidna  axi  il 

and  flexural  stiffne.sses  to  f'ort  ions  of  t  )io  mfmJjtrs  in  tin-  vicuo’y  *  t 
the  joints.  I  oxibb-  and  rigid  momiior  repi  o s*  nt  at  i ( 'iis  aro  illasdi  tt»  d  ir, 


K) 
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Figure  12.  The  lt?ngtiis  of  these  rigid  portions  beyonci  the  ;]oints  associ¬ 
ated  with  each  member  are  established  from  tlie  thicknesses  of  t]\e  walls 
and  slabs  of  the  culvert  (see  Figure  12  and  Table  2).  The  procefiiire  re¬ 
commended  iii  Reference  1  is  used  for  calculating  the  lengths,  r  ^  and 
(Figure  12b),  of  the  rigid  portions  between  the  joints.  This  j'roc<.‘dure 
is  shown  in  Figure  13,  Each  member  then  consists  of  twc)  rigid  portions 
and  a  flexible  lengtli  between  joints;  memljers  connected  to  external  cor¬ 
ner  joints  also  contain  rigid  sections  betweer^  the  jc;int  and  the  ^’Xter  lor 
surface  of  the  structure. 


Member  Forct;s  at  Joint  s 

38.  Free  body  diagrams  of  various  j.arts  of  a  typical  memb<.r  ar* 

shown  in  Figure  14  with  force  and  d  i  sp  1  a-,  a^men  t  t:omj)(aient  s  show^n  in  the 

member  coordinate  directions.  i'he  forces  at  the  joints  in  tJu  ext  -  rnal 
rigid  sections  are  unafft^cted  by  joint  -iisi  la<,’ement  s .  at  tli^ 

ends  of  the  internal  p-ortion  are  composed  of  two  parts:  thos-  lu-’  te 

joint  di  sj)lacemtuits  and  those  dut'  t.u  member  loads  apt  I  psI  b«,  twt  I'  ints. 

Df.,' termination  of  the  contribution  uf  apidit-d  iru  nl-  r  ioads>  t(>  th*'  inl.  r- 

nal  end  ferrets  (fixt.'d  »*iui  forces),  including  -  f  thuds  cl  tin  ri  n  : 

It-ngLhs  IS  iliustratcMi  in  Keferetu;e  1.  'I'ho  fart  ot  t\u  int^ggial  *ni 
forc-'S  resulting  from  joint  fl  i  sp  1  aoi-mrud  s  i  .s  ru'lat-g  t.'  t  h-  ri  up:  uni 
fU-xibb'  l<gi<;ths'  of  t)tf  morber,  a.;  showij  in  id  uiii  -  ]'■. 


hoi  nt  I  d  s^'  1  a.  u-nn  ud  r 


ti.  i.guLliPtium  unaly.sir;  of  t  h- •  n.int.s  -d  th-‘  ^d  r  i'  iur-  sui  ■  n  t  *  •  i  \  <■ 
all  r  for  'os.  ri’cultg  iri  a  s«d  f  d'  s  i  mu  1  t  an- •»  jic ;  •  suation:  (  di  -  cua- 

♦  Lr)fi5i  f(.)r  u  idru'ture  wit  fin  joints^  ff  dn-  t-uin 
! '  ' ' 

wh*  r* 

I'  (  'n  y  1  '  :’'ati  i  -  c'uul  *■  .uui'i  o;  ''i*'mi  •  t  *  i  ■  n  i  t  >  i  *  ;  ,  •  *  •• 

■  ' :  1  *  X  *  '  I  n  1  I  r  i  j  1  i  r-'*  tI  *-  r  ■ im*  ’ d  ■  ,  ,  i  S'  1  w-  ;  ; t  d  *  '.'•it,  .  i  i  ”i*  ' 

:  ‘  r  (  ■  ^  :  i  i  :  :  P 1 ;  :  1  ,  ■  ♦  M  -  c  ; 

(Pi  >;  .  I  :  ♦  r  u  d  u  r  •  u  t  ;  1  t  r  ,*  ■  n  ■  P  f  i  y  ^  m  m  •  :  P  '  t  >  'U  •  »  *  *  •  - 

?  »  .1 1  i  rjii'U.  1  ;  c  ,  unh 


ip;i  1 


•I'n  • !  , 


Modulus  of  elasticity  =  E 
Member  thickness  =  T 

3 

Section  moment  of  inertia  (unit  slice)  =  i  =  T  /12 

<|)  =  2.88  (T/i,)^ 

=  El/l 

=  12EI/!1^/(1  +  (j)) 
k^  =  6EI(1  +  26^/il)/J,^/(l  +  (()) 
k^  =  6EI(1  +  2e,^/l)/E/{l  +  ())) 
k^  =  EI[126^(1  +  ^^/SL}/SL  +  4  +  +  (J>) 

k^  =  El[6(6j_  +  +I2&^ii^/E  +  2  -  (}.]/(l  +  4,) 

=  EI[1262(1  +  +  4  +  (P]/(l  +  (J)) 

Fiquro  IS.  M(?ml)er  foriM'-di  splacement  re  bi  t  ionslii  j ' 
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This  set  of  simultaneous  equations  is  solved  for  the  joint  displ^icements . 


Member  Internal  Forces 


40.  When  a  solution  for  joint  displacements  has  been  obtained,  the 
total  end  forces  on  a  member  between  joints  may  be  evaluated  as  the  sum 
of  the  forces  due  to  joint  displacements  and  the  fixed  end  forces.  The 
total  member  end  forces  and  the  member  loads  are  then  used  to  calculate 
axial  forces,  shears,  and  bending  moments  at  other  points  in  the  member. 

Interval  Spacing  for  Member  Forces 

41.  Member  internal  forces  for  either  DESIGN  or  INVESTIGATION  are 
calculated  at  intervals  along  each  member  as  follows; 

Roof  Members 

a.  At  the  structural  joints. 

b.  At  the  faces  of  perpendicular  members. 

£.  At  the  ends  of  haunches. 

d.  At  the  centerline  of  the  clear  span. 

£.  At  one  (1)  or  two  (2)  additional  points  between  haunch  and 
centerline  of  clear  span . 

At  the  points  of  application  of  each  concentrated  load  for 
Special  Load  cases. 

£,  At  the  beginning  and  end  of  each  distributed  load  for 
Special  Load  cases. 

h.  At  the  beginning  and/or  end  of  the  distributed  reaction  for 
each  Special  Load  case. 

Exterior  Vertical  Members 

a.  Same  as  for  roof  members  (a  through  g) . 

b.  At  the  elevation  of  each  soil  layer  boundary  intersecting 
a  vertical  member. 

£.  At  the  elevation  of  the  groundwater,  if  groundwater  inter¬ 
sects  the  member. 

d.  At  the  level  of  internal  water  in  the  adjacent  cell,  if 
internal  water  elevation  intersects  the  member. 
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Interior  Vertical  Members 


.  Same  as  for  roof  members  (a  through  g) . 

.  At  the  elevation  of  internal  water  in  cells  to  eitlier  side 
of  the  member , 
cs 

.  Same  as  roof  members  (a  through  li)  . 

►  At  the  location  of  the  apex  of  nonuniform  base  reaction  for 
DESIGN  (if  apex  falls  within  the  span  of  the  member) . 
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PART  V:  DPSIGN 

PART  V-A:  DESIGN  ITERATIONS 

Genoral 

4G.  In  tile  DESIGN  mode  the  computer  proqram  selects,  by  oitJier  WSD 
or  SD  procedures,  thicknesses  and  reinforcement  areas  for  the  roof,  ex¬ 
terior  walls,  base,  and  interior  walls  required  to  sustain  one  or  more 
standard  load  cases  and  to  satisfy  limiting  thicknesses  and  reinforce¬ 
ment  areas  provided  as  input.  The  general  iterative  procedure  described 
below  required  to  arrive  at  final  design  dimensions  is  tiie  same  regard¬ 
less  of  the  method,  V^SD  or  SD,  employed.  Details  associated  with  the 
WSD  or  SD  methods  are  described  subsequently. 

Initial  Conditions 


41,  As  discussed  in  Part  III,  the  loads  acting  on  the  structure  de¬ 
pend  on  the  structure  dimensions.  To  begin  the  iterative  process,  the 
dimensions  of  the  structure  are  established  with  all  members  having  tVie 
minimum  allowable  thicknesses  provided  as  input. 

Loads  and  Member  Forces 


M .  Trial  member  thicknesses  allow  the  soil  and  water  loads  and 
appropriate  base  reactions  for  each  standard  load  case  to  be  determined. 
A  stiffness  analysis,  Part  IV,  is  performed  for  the  trial  geometry,  and 
the  bending  moments,  shears,  and  axial  forces  are  calculated  at  the 
intervals  described  in  Part  IV  for  each  member  for  each  load  cast'. 

Flexure  Calculations 


4‘).  Each  member  is  analyzed  for  the  bending  momtuit,  shear,  an<1  axial 
force  produced  at  each  j^oint  by  each  load  case.  If  the  trial  tl'iickness 
satisfies  all  flexural  stress  or  flexural  strength  and  reinforcement 
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requirements  at  every  point,  no  alteration  of  that  momi:)er  is  required. 

If  one  or  more  members  fail  to  satisfy  flexural  requirements,  the  con- 
trol  thickness  (roof,  exterior  walls,  base,  or  interior  walls)  corresj 'end¬ 
ing  to  the  delinquent  member  is  increased  by  one  (1)  inch,  and  the  flexure 
investigation  is  repeated  starting  with  loads  and  members  forces  describ¬ 
ed  in  paragraph  44  above. 


Shear  Calculations 

46.  After  a  trial  geometry  is  established  which  satisfies  all  flex¬ 
ure  requirements  for  all  load  cases,  the  structure  is  investiqated  for 
shear  strength.  If  one  or  more  members  fail  to  meet  shear  strength  re¬ 
quirements,  tne  control  dimension  associated  with  tlie  delinquent  member 
is  increased  by  one  (1)  inch,  and  the  entire  process  beginning  with 
loads  and  member  forces,  paragraph  44  above,  is  repeated.  A  complete 
cycle  through  flexural  and  shear  computations  is  defined  as  one  design 
iteration.  The  program  will  perform  twenty  (20)  iterations  without  inter¬ 
ruption.  If  a  final  design  is  not  achieved,  the  user  is  offered  the  o})- 
tion  to  continue  for  additional  iterations  or  to  examine  the  results  from 
the  last  iteration  performed. 

Reinforcement  Areas 

47.  Reinforcement  areas  are  calculated  for  final  design  t  h  i  idcnc'ssis 
which  satisfy  both  flexure  and  shear  requirements.  Althoiigh  only  .i  sing¬ 
ly  reinforced  section  is  used  for  design  calculations,  multij.'lo*  load 
cases  may  recpiire  reinforcement  in  both  faces  of  a  member  at  a  single 
location.  The  maximum  reinforcement  area  required  in  each  fac('  at  t-a'di 
jx)int  is  reported  for  the  final  design.  If  zero  rein forcemtui t  is  (\ileu- 
lated  at  a  point,  the  program  re^jorts  "MIN"  area  at  that  locMtion  acoord- 
inc^  to  the  sign  of  the  bending  moment. 
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PART  V-B:  WORKING  STRESS  DESIGN 
(WSD)  FOH  FLEXURE 


General 


4S.  Figure  16  shows  a  typical  cross  section,  strain  and  stress  dia¬ 
grams,  and  the  notation  used  for  WSJ.  Also  shown  are  stress  and  strain 
relationships  for  the  assumed  linearly  elastic  behavior.  The  cross  sc-*c- 
tion  width,  b,  is  equal  to  one  (1)  foot;  the  reinforcement  cover,  d  ,  is 

C’ 

provided  as  input;  and  the  section  depth,  h^,  is  the  trial  depth  used  to 
establish  forces  P  and  M  as  discussed  in  Part  V-A.  If  the  trial  deptli, 
h^,  is  insufficient  to  satisfy  all  requirements  outlined  below,  the  sec¬ 
tion  depth  is  increased  by  one  (1)  inch. 

Uncracked  Section 


49.  If  the  eccentricity,  e  (Figure  16),  is  less  than  or  ec]ual  to  h  /6, 

i 

then  the  entire  cross  section  will  be  in  compression.  Because  comj.^res- 
sion  reinforcement  is  excluded  :'rom  design  consideration,  a  ]>lain  con¬ 
crete  section  must  carry  tlie  applied  load  and  moment.  The  maximum  stress 
in  the  concrete  for  this  case  is  obtained  from 


f 

c 


M(h/2) 

(bhVl2) 


f 

c 


p_ 

bh 


[1  + 


6e 

h 


(V-H- 1  ) 


SO.  If  f  is  less  than  or  equal  to  the'  allowable  concrete'  stre'ss  f 


and  the-  axial  force'  P  is  less  tlian 
2),  trial  depth,  h^,  is  suff  i('i('T\t 
(paired.  iioweve-'r,  if  f^^  is  ejreatea 
sc:  t  ion  depth  is  incre'dse^d  by  one 


or  eenia  1  to  P  -  Ijh  ( Ke  ■  f  < 'reM(;( - 

A 

an<l  no  furthe-r  ca  1  1  at  ienir.  arc  re- 

than  f  or  I'  is  gr*Mter  tdrin  I’  ,  tlio 
c  a  A 

(  1  )  inch . 


C'raeked  c;!  ioii 


61.  Wlien  the*  < -ccen  t r  i e  i  ty  , 


o,  IS  greater  than  ]\  /l, 
1 


<i  f  111  ly  -a  aokfd 
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section  must  satisfy  simultaneously  the  conditions;  f  <  f  ;  f  <  f  ; 

c  "  ca  s  “  sa 

and  A  <  A  ;  where  f  is  the  allowable  tensile  stress  in  reinforcement; 
s  “  sm  sa 

A  is  the  required  reinforcement  area;  and  A  is  the  smaller  of  the 
s  sm 

maximum  allowable  reinforcement  area  provided  as  program  input  or  the 
reinforcement  required  for  balanced  design  under  flexure  alone. 

52.  The  trial  depth  is  initially  assumed  to  contain  the  maximum 

allowable  reinforcement  area  A  .  Under  this  assumption  material 

sm 

stresses  are  obtained  as  follows  (see  Figure  16  for  notation) : 

Location  of  neutral  axis  from  summation  of  moments 
about  P  at  e 

o 

+  3e  +  6n  A  (d  +  e  ) (c  -  d)/b  =  0  (V-B.2) 

o  sm  o 

Neutral  axis  is  located  by  smallest,  real  positive  root 
of  Equation  (V-B.2) . 

b.  Concrete  stress  from  summation  of  axial  forces 

f  =  P/[bc/2  -  n(d  -  c)  A  /c)  (V-B.3) 

c  sm 

c^.  Reinforcement  stress  from  strain  compatibility 

f  =  [n(d  -  c)/cj  f  (V-B.4) 

s  c 

53.  If  either  f  >  f  or  f  >  f  ,  the  section  depth  is  increased 

c  ca  s  sa 


PART  V-C:  STRENGTH  DESIGN  (SD)  FOR  FLEXURE 


General 


54.  A  typical  cross  section,  with  stress  and  strain  diaqrams  ai.  1  no¬ 
tation,  is  shown  in  Figure  17.  The  cross  si^ction  has  b  equal  to  ono  (J) 
foot;  the  reinforcement  cover,  d  ,  is  [provided  as  irquit;  and  tin*  section 
depth,  h^ ,  is  the  trial  depth  used  to  ostioblish  forces  I’  and  M,  l  art  V-A. 

Maximum  Permissible  Reinforcement  Area 


55.  Maximum  permissible  re  inf orcement  area,  A  ,  for  Sl>  must  satisty 

sm 

two  requirements. 

a.  A  <  A  T>rovided  as  ininit. 

“  sm  smax 

b.  A  ^  R  A  -  wJu're  A  ,  is  the  re  inf  orc(‘m<ud  :ii  ea  wh  i  'h 

—  sm  max  sb  sb 

would  produce  balanced  (Reference  2)  conditions  undiu  !]<  x- 

ure  without  axial  load;  and  R  is  a  permissibK*  roint(U>  <‘- 

max 

ment  ratio  provided  as  input. 

56,  For  balanced  conditions  under  flexure  witliout  axial  load  (s<h’ 
Figure  17) 


where 


a  =  d  .  V(t  '  +1  ) 

1  c  c  y 

=  U.85  for  f'  <  4000  ps 
1  c 


-  0.85  -  0.05  (f'/lOOu  -  4)  >  0.G5  for  f ' 
1  c  C' 


A  ,  -  0.85  f’  a/f 

sb  c  y 


S t r eng tli  Reduction  Factor--! 


57.  It  a  nonxero  value  for  strcncjth  rerluction  faidor  J  is  Tr''Vid‘‘d 
as  irifjut,  that  value  i  5;  ustsl  without  alteration  tor  all  eal  cubit  iiui:,. 
Otherwise,  the  strength  reduf-tion  factor  :  is'  calculated  l)y  tie*  fri'jjani 
from  (Referfmc‘‘  1) 


-  0.0  -  21’/ (f’  l)h)  j:  n.7 

( ’ 


(V-  ) 
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V  K  . )!  I  li  1 1  i  i  .  t  lo;;  :  'f  ;  ^  •  -ri  , 

.  Ft>i  thf  in  it  1.1  i  ion  J.i'j  i\\  h  ,  t  n-  : » rtn' n; ,  i>  )n  tj!  I  hr  v-ornpres 

Sion  t^iock  a  is  obtainrJ  as  tolb>ws: 

a.  .'vii’unat  ion  or  :n<^mrnt.s  about  i  at  t- 

ba  (a/J  ^  ~  )  i- 


a  =  ‘  r  ^  2  A  f  ( vi  ♦  i  ■  h  o ) .  .  r  *  '  :  ■  ■  -  , 

o  > 

b.  Summation  of  axial  forces 

vfr  =  r  [O.HS  f  '  ba  -  A  *1 

c  SMI  y 

59.  If  4>b  •  F  and  F  *  ().o  ;|0.s'i  r  '  a  ],  tin-  initial  !. 

N  “  c  ■.  j  1 

adequate  and  no  further  calculations  are  nece  ssary.  tlieiKO  r  t  lu 
tion  depth  Lh  increased  by  one  (1)  inch. 
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PART  V-D: 


DKSIGN  FOR  SHIAH 


General 

GO.  Shear  force  at  a  s^^c'tion  is  assumc'd  to  be  carried  by  shear 
stresses  in  the  concrete;  no  vertical  shear  reinforc(?ment  is  used.  Three 
. lit fer ent  methods  are  provided  for  determininq  the  allowable  concrete 
siu-ar  stress  for  either  WSD  or  SD  as  described  below. 

Allowable  Shear  Stress  by  ACI  318-63 

61,  AC  1  11B-G3,  Reft-rence  (2),  specifies  the  following  allowable 

shear  stresses  v  for  a  section  sub-jected  to  bending  M,  axial  force  P, 
ca 

and  shear  force  V. 

a.  For  WSD 

V  =  +  1300  (A  /bdWVd/M*)  (V-D.l) 

ca  c  s 

where  M'  =  M  -  P(4h  -  d)/8  and  Vd/M'  <  1 
wi  th 

V  s  1.75  *7^  0.004  P/lbh) 

ca  c 

b.  For  SD 

V  -  f[1.0  f  2500  (A  A>d)(Vd/M’)]  {V-D.2) 

c  a  c  s 

v;  i  th 

V  L  :  [1.5  ^7'"  V  7'  +  0 . 002  iTTbiTT ] 

c  a  c 

(Dote  t  is  cither  input  value  or  I  =  0.85  if  i  r.f  lU  t  value  is 
z<  -ro ,  ) 

Al  lowabb-  Siiear  Strc.^ss  by  Uni  vers  i  ty  of  li  1 1  n(n KpgH'irj;.  440 

62.  Ij-of-I  report  440,  Reft'renco  (1),  indicates  an  allnwabb'  j.he.ir 
stK'Ss  qiv(?n  by 

V  -  ;  (  ( i  I  .  5  -  .  '•  M  k  f  '  >  f  ;  /  (  j  M  /f  •  )  ]  (V -I  ' .  ^ ) 

<  a  -  f  ,  •  ’ 


47 


64.  Three  sliear  desi  in  or  t  luiiS  .ii>  i- :  -.o  il  !  ♦  x- 

terior  members: 

Option  1:  Dosi‘-fn  by  AC  I  witii  erot  ;  ...a  1  .s<  Kxn.--  at  h 

from  face  of  saei^ort  .  Mi-moi  r  ::  witf'.  .i  '  C  1'^  - 

ji 

(i.e.,  "dec'[C’  mt.xmb<.^  r  ,  IC,' 1  to'eii'o  (  O';  ajo  ;]('t  ci>v»'r 


by  AC  I  i?  C 

Cu  1  vt '  r  t  s 

with  me 

mi  ■*  ■ 

r s  in  t !o 

s  C.lt 

are  not  ac' 

^'ormnoda  n  -A, 

,  bv  t. In 

,  -  ,r:^; 

;  ct^■^  ;  H' 

■ :  iLijn 

option  1  . 

Option  2:  For  ■  ,  d  ■  d,  allowable  shear  stiess  bv  ACl  63;  for 

n 

^/d  c  d,  allowable  shear  stress  by  U-of-I  440  with 
critical  s*'ct  loris  vO  c.  b'  . 

n 

(jption  (For  Web  only.)  For  ■  /d  j  0,  allowable  shear 

n 

stress  hv  ACT  for  '  /d  ■  allowable'  .sh»‘ar 

r"! 

stress  by  U-ot-I  440;  for*  '■»  •  >  /d  ■  d,  allowable 

fi 

'.'Avar  r;trtrsr;  by  C-of-I  1(^4  p-rt^v  i  drs-.l  t  w^o  ('0110?:  of 

contra  f  lexu  r*  ’  exist  in  th<’  ^-lirar  r^'an  of  Wv'  member 

with  '  '  0.6  .  and  the  aHc»wal>]<'  sh<'ar  j;tre.v:.'  by 

n 
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! 

I 


U-of-I  164  is  less  than  the  allowable  by  U-of-I  440 

for  the  same  ‘I  /d, 
n 

65.  All  interior  vertical  walls  are  designed  by  ACI  63  exclusively. 


Required  Depth  for  Shear 


66.  The  allowable  shear  stress  from  the  option  exercised  is  compar¬ 
ed  with  the  actual  shear  stress 

V  =  V/(bd)  (V-D.5) 

c 

where  d  =  h.  -  d  .  If  v  is  less  than  or  equal  to  v  ,  the  initial 
1  c  c  ca 

depth  h^  is  adequate.  If  v^  is  greater  than  the  section  depth  is 

increased  by  one  (1)  inch. 


PART  V-E:  FINAL  RP:iNFORCEMKNT  ARI:7\S 


Gent^ral 

67.  When  values  have  been  determined  for  the  four  controllinq  thick¬ 
nesses  (roof,  vertical  exterior  walls,  base,  and  interior  walls)  which 
satisfy  all  flexure  and  shear  requirements,  final  reinforcement  areas 
are  selected. 


WSD  Reinforcement  Area 


68.  Required  reinforcement  area  for  WSD  is  selected  for  reinforce¬ 
ment  stress  f  =  f  (noting  f  =  [c/(d~c)] f  /n.  Figure  16) . 
s  sa  c  sa 

a.  Neutral  axis  is  located  from  summation  of  moments  about  A 
"  s 


P(d  +  e  )  =  0 
o 


or 

-  3dc^  -  [6Pn  (d  +  e  )/(f  b)]c 
o  sa 

+  6Pn  (d  +  e  )  d/(f  b)  =  0  (V-L.l) 

o  sa 

The  minimum,  real,  positive  root  of  Equation  (V-i:.l)  locates 
the  neutral  axis. 

b.  Requiz'ed  reinforcement  area  from  summation  of  axial  forces 


c  sa  be 

d  -  c  n  2 


P 


f  A 
sa  s 


0 


or 


A 

s 


2  (d  -  c )n  sa 


(V-E. 2) 


If  A^  from  Equation  (V-E.  2)  is  less  than  or  oq\ial  to  zero, 
only  minimum  reinforcement  is  required  at  that  location. 
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SD  Reinforcement  Area 

69.  Required  reinforcemert  area  for  SD  is  calculated  as  follows, 
see  Figure  17. 

a.  Compression  block  dimension  a  is  obtained  from  summation  of 
moments  cibout  A 

s 

0,8S  f*  ba  (d  -  a/2)  -  P/4>  (d  +  e  ) 
c  o 

or 

a  =  d  -  y  -  2P  (d  +  e  )/(0.85  f  btf. )  (V-E.3) 

o  c 

b.  Required  reinforcement  area,  A^,  is  obtained  from  summation 
of  axial  forces 

0.85  f  ba  -  P/(l>  -  A  f  =0 
c  s  y 

or 

A  =  (0.85  f*  ba  -  P/4))/f  (V-E.4) 

Sc  y 

If  from  Equation  (V-E.4)  is  less  than  or  equal  to  zero, 
only  minimum  reinforcement  at  that  location  is  required. 
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PART  VI;  INVESTIGATION 


PART  VI-A:  GENERAL 

70.  In  the  INVESTIGATION  mode  the  program  determines  the  stresses 
and/or  factors  of  safety  produced  in  the  various  components  of  the  struc 
ture  due  to  standard  loads,  combined  standard  and  internal  water  loads, 
or  to  special  loads  described  in  Part  III.  All  dimensions  of  the  system 
are  provided  as  input  and  no  iteration  for  compatibility  of  loads  and 
geometry  is  necessary. 


Loads 


71.  Loads  for  Standard  Load  cases  are  determined  from  soil,  water, 
and  structure  dimensions  as  described  in  Part  III.  Because  internal 
water  may  produce  unsymmetric  vertical  loads,  the  base  reaction  for  Stan 
dard  Load  cases  is  limited  to  the  distributions  shown  in  Figure  10c,  e, 
f,  i,  and  j.  Special  Load  cases  are  treated  as  described  in  Part  III. 

72,  A  stiffness  analysis  is  performed  for  each  Standard  and/or  Spe-' 
cial  Load  case  and  internal  shears,  bending  moments,  and  axial  forces 
are  calculated  for  each  member  at  the  intervals  described  in  Part  IV. 

Points  for  Investigation 


73.  Material  stresses  and  factors  of  safety  due  to  flexure  are  cal¬ 
culated  and  reported  for  each  member  to  be  investigated  for  cross  sec¬ 
tions  at  the  loft  and  right  ends  of  the  clear  span,  excluding  haunches, 
and  at  the  centerline  of  the  clear  span.  If  reinforcement  areas,  pro¬ 
vided  as  input,  arc  inconsistent  with  the  internal  forces  at  any  cross 
section,  no  attempt  is  made  to  calculate  stresses  or  factors  of  safety 
at  that  location.  If  reinforcement  is  described  for  both  faces  at  a 
location,  a  doubly  reinforced  cross  section  is  employed.  It  sJiould  be 
noted  that  unusual  loading  situations  may  result  in  a  maximum  bending 
mc^ment  at  locations  other  than  those  described  above. 
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PART  VI-B:  FLEXURE  INVESTIGATION  WITH  WSD 


General 

74.  The  typical  cross  section  used  for  INVESTIGATION  with  WSD  is 
shown  in  Figure  18  along  with  strain  and  stress  diagrams  and  notation. 
The  general  states  of  loading  permitted  in  t}ie  INVESTIGATION  mode  re¬ 
quire  consideration  of  each  of  the  situations  described  below.  Note: 
Compression  stresses  in  concrete  and  compression  reinforcement  are  posi¬ 
tive;  tension  stress  in  tension  reinforcement  is  positive. 

Shear  Force  V  Only  (M  =  P  =  0) 


75.  All  flexure  stresses,  f  ,  f,  and  f  ,  are  zero  for  this  case. 

c  s  s 

Axial  Compression  P  Only  (M  -  0) 

76.  Stresses  are  obtained  as  follows: 

a.  Transformed  gross  area 

A  =  bh  +  (n  -  1)  (A*  +  A  ) 
g  s  s 

b .  Concrete  compressive  stress 

f  =  P/A 
c  g 

c^-  Reinforcement  stresses 

f*  =  (n  -  1)  f 
s  c 

and 

f  =  -(n  -  1)  f 
s  c 

Axial  Tension  Only  (M  =  0) 

77.  The  reinforcement  alone  (f  =0)  is  assumed  to  carry  the  axial 

c 

tension  force.  Stresses  in  the  reinforcement  are 

f  =  -P/(A’  4  A  )  (Vl-B.S) 

s  s  s 


(VI-B. 1) 


(VI-B. 2) 


(VI-B. 3) 


(VI-B. 4) 


53 


and 


f  =  P/  (A'  +  A  )  (V1-I3.C) 

s  s  s 


Uncracked  Section  With  Axial  Compression  P  and  Moment  M 


78.  For  all  locations  with  axial  compression  and  bendinq  moment, 
the  initial  investigation  is  made  for  an  uncracked  cross  section.  An  uii- 
cracked  cross  section  is  arbitrarily  defined  as  one  for  which  tho  con¬ 
crete  stress  at  the  level  of  the  tension  reinforcement  is  comp'ression , 
i.e.,  greater  than  or  equal  to  zero.  The  effective  depth  d  at  the  end 
locations  includes  the  depth  of  the  haunch  if  the  haunch  is  in  compres¬ 
sion. 

a.  Location  of  elastic  centroid 


c  =  [bh  /2  +  (n  -  1) (A’  d'  +  A  d) ]/A 

S  S  q 


(Vl-h. 7) 


b.  Moment  of  inertia  of  transformed  section 


=  bhVl2  +  bh  (h/2  -  c)  ^  +  (n  -  1 )  (c  -  d  •  )  ^ 


+  (n  -  1)  A  (d  -  c) 
s 


{V1-!^.K) 


c.  Concrete  stress  at  level  of  tensile  reinforcement 


f  =  PA>h  -  M  (d  -  c)/I  (VT-h.U) 

cs  T 


If  f  is  greater  than  or  equal  to  z(‘ro,  tlu^  stu'tion  is  un- 
cs 

cracked . 

d.  Maximum  concrete  stress 

f  =  P/bh  +  Mc/I„,  (Vl-H.ltM 

c  T 

e.  Compression  reinforcement  stress 

f*  =  n[P/bh  t  M  (c  -  d*)/T  i  (VI-H.in 

s  T 

f_.  Tension  reinforcement  stress 

f^  =  -n[P/bh  -  M(d  -  c)/I,^J  (Vl-b.iC) 
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Cracked  Cross  Section  With  Axial  Force  and  Moment 


79.  If  the  stress  from  Equation  (VI-B.9)  is  neqative  (i.e. ,  tension) 
for  compression  axial  force  or  if  the  axial  force  is  tension,  a  fully 
cracked  cross  section  is  assumed. 

a.  Location  of  neutral  axis  from  summation  of  moments  about  P 
at  e  (see  Figure  18) 


or 


—  (|  +  e  )  +  (n-  1)  (^-^)  f  A’  (d-  +  e  ) 
2  3  o  CCS  o 

-  n  (— — f  A  (d  +  e  )  -  0 
CCS  o 


c'^  +  3e  c^  +  ~  [  (n  -  1 )  A '  (d '  +  o  )  +  nA  (d.  +  e  )  ]  c 
o  ■  b  s  os  o 

-  ~  [ (n  -  1)  A'  (d'  +  c  )d'  +  nA  (d  4  o  )d]  =  0 

D  SOSO 


(Vl-B. 13) 

Kquation  (VI-B.13)  will  not  yield  positive,  real  roots  if 
there  is  excessive  axial  tension  or  if  no  tensile  reinfor<::e- 
ment  is  provided,  in  which  case  no  material  stresses  are 
calculated.  Otherwise,  the  smallest,  real,  /positive  root 
locates  the  neutral  axis  and  material  stresses  are  c'alcu- 
lated  as  follows. 

b.  Concrete  stress  from  summation  of  axial  forces 

f  bc/2  +  (n-  1)  (CeC)  f  A'  -  n  (‘ “  )  f  A  -  I  -  (' 

C  C  C  S  C'  c* 


or 


f  =  !’/[bc/2  +  (n  -1)  A’ 

C  t ;  s 


c 


(VT-H. 14) 


c.  Compression  reinforcement  stress 


f '  =  (n  -  1)  f 

s  c  c: 


13) 
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d.  Tensile  reinforcement  stress 

f  =  n  (-^  )  f  (VI-B.16) 

s  c  c 

Note:  If  the  location  of  the  neutral  axis  c  is  such  that 

A*  is  in  tension,  n  is  substituted  for  (n  -  1)  for  all 
s 

terms  associated  with  the  top  reinforcement  (A')  in  the 

s 

above  equations. 
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PART  VI-C:  FLEXURE  INVESTIGATION  WITH  SD 


General 


80.  The  typical  cross  section  used  for  INVESTIGATION  with  SD  is 
shown  in  Figure  19  with  strain  and  stress  diagrams  and  notation.  The- 
capability  of  a  cross  section  to  support  the  applied  forces  M  and  V, 
i.e,,  "Factor  of  Safety,"  is  obtained  by  comparison  of  the  "design"  capa* 
city  of  the  cross  section  with  the  applied  load  P  for  an  occontric- 

ity  of  the  axial  load  equal  to  (M/P) ,  or  if  the  applied  axial  load  is 
zero,  by  comparison  of  the  "design"  moment  capacity  with  the  applied 

moment  M.  No  attempt  is  made  to  determine  factors  of  safety  for  cross 
sections  subjected  to  axial  tension. 

Interaction  Diagram 


81-  The  generality  of  loading  permitted  in  the  INVESTIGATION  mode 
requires  consideration  of  numerous  combinations  of  axial  force  P  and 
moment  M.  Ihe  axial  force-bending  moment  interaction  diagram  used  for 
determining  factors  of  safety  is  shown  in  Figure  20.  The  processes  used 
to  develop  the  interaction  diagram  are  discussed  below. 

Nominal  pure  moment  capacity--M^ 

a . 1  Compression  block  dimension  a,  from  summation  of  axial 

forces  -  0;  Because  tlie  stress  in  the  com}>ression 

reinforcement  must  bo  less  than  or  equal  to  f  ,  a 

Y 

direct  solution  for  the  comi)ression  block  dimension  a 

is  not  possible  if  A’  /  0.  Th('  location  of  neu- 

s 

tral  axis  (i.e.,  c)  is  adjusted  until 

0.M9  f*  ba  +  A*  f’  -  A  f  =0  (VI-C.l) 

c  s  s  s  y 

for  f*  -  f  . 
s  ~  y 

a.  2  Nominal  moment  capacity  from  summation  of  monu/nt  s 
about  A 

rs 

M  O.HS  f  l).l  (<1  -  .i/.M  +  A'  f  (.1-iT)  (VI-C.:’) 
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b.  Axial  force  V  and  eccentricity  e  at  balance: 

B  ^  B 

b. 1  Neutral  axis  location  from  strain  com])atibi lity  with 

t:  =  t  =  f  A:  ) 

s  y  y  s 


c  =  [r  V(t.  '  +  ^  )]d 

T,  c  c  y 


(VI -C.  .1) 


b.2  Compression  block  dimension 


where  =  0,B5  for  f'^  4000  psi,  or  i  =  0.85  -  0.05 
1  c  "  1 

(f  /lOOO  -  4)  >  0.65. 
c 

b . 3  Compression  reinforcemen t  stress 


f  =  Kr'  =  E  I(c^  -  d‘)/c„]t' 
S  s  S  B  Be 


y 


b . 4  Balance  axial  force  from  summation  of  axial  forces 

P  =  0.85  f  ba  +  A'  f  -  A  f  (VI-‘C.4) 

B  c  B  s  s  s  y 

b . 5  Balance  eccentricity  from  summation  of  moments  about 
mid-section 

0.85  f  ba  (h/2  -  a  /2)  +  A’  f  (h/2  -  d’ ) 
c  B  B  S  S 


+  A'  f  (d  -  h/2)  -  P  e  -  0 
s  y  B  B 


c  =  [0.85  f’  ba  (h/2  -  a  /2)  +  A’  f*  (h/2  -(D 
B  c  B  B  s  s 


+  A  f  (d  -  h/2) ]/P^ 
s  y  B 


(V]-C. 5) 


c.  Minimum  eccentr ici ty--e 
—  M 

c.l  Maximum  axial  load  P  .  Reference  (3)  limits  the  maxi- 

- 

mum  axial  load  on  a  section  to 
I 


M 


0.8  [0.85  f  ’  (b))  -  A’  -  A  ) 

c  s 


+  f  (A'  +  A  ) ] 
y  s  s 


(VI-C. e) 


C.2  Minimum  cMTcanit  r  i  c ■’ .  Thr  limitation  on  .ixi.tl 
-  M 

load  to  the  valu(‘  from  liquation  (Vl-(\t')  iinpl  ie'A  a 


bl 


mininum  eccentricity,  Fiqure  20,  below  which  the 
tion  is  to  be  considered  in  pure  compression. 


soc- 


From  summation  of  axial  forces  with  P  =  P,, 

M 

0.85  f’  ba  +  A'  f  -  A  f  -  =  0  (Vl-(:.7) 

c  s  s  s  y  M 

The  location  of  the  neutral  axis  (i.e.,  c,  hence  a)  is 

adjusted  urLtil  Equation  (VI-C.7)  is  satisifod  with 

f  <  f  . 
s  -  y 

The  minimum  eccentricity  e  is  obtained  from  summation 
of  moments  about  mid-section 

e  =  [0.85  f  ba  (h/2  -  a/2)  +  A'  f  (h/2  -  d’) 
Me  S  s 

+  A  f  (d  -  h/2) ]/P  (VI-C.8) 

s  y  M 

Flexure  Factor  of  Safety 


82,  As  stated  above,  if  the  applied  axial  force  is  tension,  no 
attempt  is  made  to  calculate  a  factor  of  safety  for  that  location.  If 

the  applied  axial  force  is  zero,  the  factor  of  safety  is  defined  as 

SF  =  7M  /M  (VI -C. 9) 

IJ 

where  ==  nominal  pure  moment  capacity,  M  =  applied  moment,  and  :  ^ 
strength  reduction  factor  (see  subsequent  discussion  for  : ) . 

33.  For  combined  axial  compression  and  moment  the  fol  k.>wincj  priK.^  - 
dure  is  used  to  evaluate  tiit^  factor  of  safe^ty  at  a  cross  s<’c'i(>K.  ;1r 

eccentricity  correspondinq  to  the  ap)piied  loads  and  }'  is  c  -  It  ;  . 
point  corresponding  to  applied  loads  on  tlic'  iiiterac't  ion  diaur<im  is.  j  1  ]  ns- 
trateci  in  Fi<|ure  20.  'I’ho  load  line  (at  ecc(M')trici  ty  e)  i  .s  ext*  s<P-:]  t' 
its  intersection  with  the  interaction  curve  to  tai)l  i  idi  tin  nos.iini  1  .. 
caf^aci  ty  P^  a  t  o  for  th(^  section.  Tlii^  factor  of  safidy  is  d'diins  s 

y,v  -  :  p  /i^  (\*  i  -  .  . 

:n1 


: '  t  r<niq  th  Peduc  I  ion  Fac  tor 


84,  It  a  iK.vi/.s'ro  value  for  :  is  supplif'vl  as  input  ,  ^h.it  va  1  u' 

82 


PART  V  t-D:  SUVJ\R  I  NVI'PSTIGATION 

L'.ujierv'-ii 

8S.  :'lu.‘ar  facLors  ot'  ^iaftity  are  c.U  euI.iLi.'d  at.  Lwc?  ij-catioris  for 
each  member  as  descril.Hei  bellow. 

A  I  1  c^vai )  1  e  i  u  'a  r  S  t  laiss  by  AC  1  _( >  ^ 

be.  Ai  U'W.ii  I"  ar  lar.-aa-s  are  determined  at  a  distaiu:t’  d  from 

e-aeh  t.-rid  o-t  tia.-  ab  a!  ::  ar;  t  er'  ail  members.  Allowable  shcair  sti’es^ses 

V  ai'-  obt-i::.'''.  :  t  >  ,n.  1  :aat.ion:>  (V-D.l)  for  WSb  and  lAiuations  (V-D.P) 
f  i r  .  b' . 

A  1  1  e"A  a>  1  o  :  lu-ar  Stress  by  U-of-T  440 

b7.  Ailew.a  J-  i;'  ar  ;-tre;-S(.'S  are'  t;a  1  c.'u  1  a t ed  usiir:  1  |uation  (V^Ia 

at  a  ^ti.^d.aiiee  f) .  1  >  .  Id  ^jr'  eaeh  eiid  of  the  elt'ar  I'^an. 

II 

rar  tc.irs  o  f  ha  f  e  ty 

db .  'i'hc'  .i(;ti.ial  shear  stre.ss  at  c'aeh  loeation  is  udjt.aini'd  from 
V  -  V/bd 

Th'..'  sh.ear  fae'tor  of  safety  is,  by 

SF  -  V  /v 
ca 

yd,  Siiear:  fa(Stors  of  safety  are  not  ealcuiat^ai: 

a.  If  tiu'  I'.hear  force  at  a  s'^ction  is  zero. 

b.  If  axivil  tens-ion  force  is  present  at  tlu'  k;ros:;  lU'cAAou. 

S^v  IJ-or-r  -14 i)  if  A\  ■  LI.4. 

n 

d.  by  API  h.\  i. f  d  U.17 


b4 


n 


PAK'r  VI 1:  COMPUTi'iK  I^ROGKAM 


Program  Poser ii^tion 

90.  The  computer  proqr  CORTCUL,  which  imi.)lements  tht*  r>rocefhiros 

described  above  is  written  in  for  int(iractive  execution  from  a 

remote  terminal.  All  arithmetic  operations  are  performed  in  single  pre¬ 
cision.  For  computer  systems  employing  fewer  tlian  fifteen  significant 

f  ujures  for  real  numbers  it  may  be  necessary  to  })erform  some  o|;erations 
in  double  precision. 

Input  Data 

91.  Input  data  may  be  provided  interactively  from  the  user  terminal 
during  execution  or  from  a  previously  prepared  data  file.  When  data  are 
input  from  the  terminal  during  execution,  prompting  messages  are  j^rovided 
to  indicate  the  type  and  amount  of  data  to  be  entered.  The  characteris¬ 
tics  of  a  previously  prepared  data  file  are  described  in  tlie  Input  Data 
Guide  contained  in  Appendix  A. 

92.  V'/Iien  the  input  sequence  is  complete,  either  from  a  data  fill.*  or 

Irom  tile  user  terminal,  the  program  offers  tlie  oigiortunity  to  cliancp-  any 

or  all  parts  of  the  in} nit  data  in  an  liDl'i  mode. 

93.  W]"ienevGr  any  data  are  entered  from  the  terminal,  the  t'xi sting 
data  may  be  saved  in  in].>ut  file  format  in  a  permanent  file. 

94.  All  input  data  arc  checked  for  consistency  at  the  time  of  entry. 

However,  more  extensive  checkinc}  for  accuracy  is  performed  on  tlata  I'liter- 

ed  from  a  data  fil<.'.  If  it  is  desircible  to  enter  data  during  execution 
from  the  usc'r  terminal,  tliese  data  should  be  saved  in  a  data  file'  and 

tile  firogram  should  be  restarted  with  input  from  the  saved  file.  Tlie  I'lo- 
gram  jirovides  this  ojition  at  the'  end  of  tlie  injuit  data  sequence. 

Oil  tpu  t  pa  t  a_ 


95.  P«‘Vorai  o})tions  arc'  availabD*  regarding  tlu'  amount  and  dc'stinu.- 
tion  of  out[nit.  from  tiic'  prc,>gram  as  dc'ScribtMl  bc'low. 
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Echoprint  of  Input  Data 

96.  The  echoprint  contains  a  complete  tabulation  of  all  input  read 
from  the  user  terminal  or  from  an  input  file,  with  control  data  calculated 
by  the  program  and  preset  material  properties.  The  user  may  direct  this 
section  of  the  output  to  the  terminal,  to  an  output  file,  to  both,  or  the 
echoprint  may  be  omitted  entirely. 


Design  Results 

97.  Results  generated  in  the  DESIGN  mode  are  presented  in  throe 
par  ts : 

a.  DESIGN  Tl^ICKNE.SSES ;  A  tabulation  of  design  thicknesses  for 
roof,  exterior  walls,  base,  and  interior  walls  with  the  gov¬ 
erning  stress  condition  (flexure  or  shear) ,  the  member  which 
produced  the  required  thickness,  and  the  load  case  dictating 
the  thickness.  This  section  also  contains  the  concrete  area 
in  tile  cross  section. 

b.  DESIGN  REINFORCEMENT  AREAS;  A  tabulation  of  required  rein¬ 
forcement  at  each  calculation  point  on  each  member.  V^;h cn 
multiple  load  cases  require  reinforcement  in  botJi  faces  of  a 
member  at  a  single  location,  two  linos  are  printed  for  that 
location  giving  the  maximum  reinforcement  required  along 
with  the  load  case,  bending  moment,  and  axial  forc^^  contr^")!- 
ling  the  reinforcement  area . 

c.  DESIGN  MEMBER  LOAD/FORCE  DATA:  A  tabulation  of  latc'ral  load, 
bending  moment,  shear  force,  and  axial  force  at  (\^ch  calcula¬ 
tion  point  for  each  member  for  each  load  cast'. 

Options  for  Design  Results 


98.  All  design  results  may  bo  directed  to  tlie  user  termin.,il  or  to 
th<?  output  file  containing  tlie  (H:hopriiit  -d  input  d<ita.  If  the  echoprint 
of  input  data  was  omitted  or  directed  only  to  the  terminal,  an  output 
file  for  results  may  be  defined  and  the  results  may  b('  directed  to  tlie 
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file,  to  tlio  user  terminal,  or  to  botli.  Thicknesses  and  reinforcement 
data  may  not  be  omitted. 

99.  Member  load/force  data  may  be  omitted  entirely,  or  the  data  for 
any  or  all  members  may  be  selectively  output. 

Investigation  Results 


100.  Results  generated  in  the  INVESTIGATION  mode  are  separated  into 
two  parts. 

a.  SUMMARY  OF  RESULTS;  A  tabulation  of  bending  moments  and 
axial  forces  with  material  stresses  for  WSD  or  factors  of 
safety  for  SO  at  the  left  end,  centerline,  and  right  end, 
and  shear  forces  and  factors  of  safety  at  uacli  end  of  each 
m(."mi:>er  to  be  investigated  for  each  load  case.  These  re*- 
sul ts  may  be  di re c ted  to  either  the  user  terminal  or  to  an 

output  file  and  may  not  be  omitted. 

b.  MEMBER  LOAD/FORCE  RESULTS;  A  tabulation  of  lateral  load, 
bending  moment,  shear,  axial  load  (for  special  load  cases), 
and  axial  force  for  each  member  to  be  investigated  for  each 
load  case.  These  results  may  be  omitted  from  the  outj^ut  or 
selectively  outf^ut  for  any  or  all  members. 

Extent  of  (Jutpu  t 

101.  The  number  of  printed  lines  of  output  drg)ends  on  th»‘  options 
exercised  for  a  particular  problem.  Following  are  estimates  of  the  n\im- 
ber  of  lines  genera te(3  by  each  part  of  the  output  described  abov(‘. 

a.  Echoprint  of  Input  Data 

100  +  numioer  of  member  load  data  linos  for  s]'C'Cial 
load  cases 

b.  Di:SIGN  'rhickn(?sses  and  Reinforcement  Areas 

AO  ^  (NC1:LI.S  f  D-WIDTil  +  {UCV\AS/2  +  1  )  •  R 1 SK 

c.  Design  Member  Load/Force  Data;  For  ('ac*h  numlx’r 
for  o u t j .) u t  for  ea ch  1  f ) ad  c a s ( ’  s e  1  o o t  e ( i 

10  ^  WID'rii  for  horizontal  memi)('rs 
lU  ^  HI:  );  for  vcrti(;al  mt*mhf'rs 
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d.  Summary  of  Results  for  INVESTIGATION 


14  lines  for  each  member  investigated 
Member  Load/Force  Results  for  INVESTIGATION 

Same  as  for  DESIGN  Member  Load/Force  Data 
102.  When  multicell  culverts  are  DESIGNED  or  INVESTIGATED  for  multi¬ 
ple  load  cases,  it  is  recommended  that  the  output  be  saved  in  a  perma¬ 
nent  file  and  subsequently  listed  on  a  high  speed  printer. 


PART  VIII:  KXAMPLi:  SOLUTIONS 

General 

103.  Presented  below  are  example  solutions  demonstrating  the  ust,*  of 
the  program  for  both  DESIGN  and  INVE':STIGATION  of  orthogonal  culvert  r.. 
Output  from  the  program  and  supper tincj  information  are  i>rf,*serit  t-d  isi 
dix  B . 


Design  of  one  Cell  Culvert 


104.  The  one  cell  culvert  shown  in  Figure  B-1  was  dtusiuneUi  l(jr  thra**- 
situations.  For  the  first  case  data  were  entered  from  the  ttuniml  Sail¬ 
ing  execution.  Program  prompts  (upper  case)  and  user  re\‘g>(UiS<*  (Jow»u 
case)  are  shown  on  pages  B4  and  B5.  When  all  nei:essary  irg  ui  dviia  liav*- 
been  provided,  the  program  offers  the  op].x)rtunitY  for  tlu-  ustu  t('  fdit 
the  input  data,  to  save  data  entered  from  the  terminal  in  a  perman*nt 
file,  and  to  view  an  echoprint  of  the  input  data.  In  this  (:as<’  an  se- 
print  only  at  the  user  terminal  was  reejuested.  The  eclioprint  is  slinwn  on 
f^ages  R6  and  B7.  It  sliculd  be  noted  that  the  (.‘cho^uint  also  inclu(i»..s 
material  properties  (working  stresses  and  moc^uli)  calcuiat^oJ  or  nroin  t  I  y 
the  program  used  durinc^  the  design  process.  App(mdf‘d  to  th*-  i*ch(g-rjnt  ]s 
a  schematic  of  tlie  culvert  with  coordinate  systems  <ind  inin  oonv.  nt  i  on.*; 
required  for  interpretation  of  output  data,  paeje  .  Suijsc‘<Tut.*iit  tn  tl,* 
echojjrint,  the  user  is  offered  the  ojg>ortunity  to  contiiu:e  oi  alor^  tl.- 
soiution  of  this  j^roblem.  Jf  the  user  t.-l(‘c‘ts  to  a])ort  <il  this,  peant  ,  t!i. 
program  offers  the  opportunity  to  <‘dit  the*  injuit  data  }u;U  .oj-n  lati-d,  i. 
restart  tiie  program,  or  to  terminat<*  tiu.  run  raitirely.  M  t;,e  u.*  .  :  i  I.. 
to  continue.'  the  solution,  the  program  ra-quests  informatKui  re-midin.:  d^  *,- 
tionation  of  reisults;  as  indicated  on  page  ItR,  io*sults  wee*  |  i  intrd  at 
the  terminal . 

105,  f-'oliowirr;  a  re]>eiition  of  tlie  i.rol)l<*m  heading,  i'i;  I'-h  i  -  :  alt’  , 

pages  HO  tljrougd.  1  ,  e'onsist  (»f  three  oarfs:  i'  siun  the  k.im  ;  '-.*  •  t-a  Mie 

appropriate  partri  of  the*  .sttir  fure  witli  th*-  jead  a;,*  ,  *  ti.  '  s  .  ii- 

dition,  an<l  the  merui)er  die-tating  the  rt*quire(i  t  ii  i  ek  1 1*  t,!,  .  A]r-<  i  r  <  a- j  <  j, ; 

i  r;  the*  gross  e'oncrett*  ar^a  in  the  •■,tru  'ture  (.vo'c; 


ties  u  I  ■  ■  i M  i  1 ; .  : 


haunches.  The  second  section  of  the  DESIGN  results  presents  the  required 
reinforcement  area  and  location  of  the  reinforcement  at  each  calculation 
point.  (Note  that  locations  of  reinforcement  are  described  as  '’TOP"  or 
"BOT. "  Top  and  bottom  for  horizontal  members  are  self-explanatory;  to\j 
and  bottom  of  vertical  members  are  the  left  and  riqht  sides,  respective¬ 
ly.)  Reinforcement  areas  reported  as  "MIN"  indicate  that  the  plain  con¬ 
crete  section  is  sufficient  to  carry  the  load  at  that  point.  These  data 
are  presented  for  the  left  half  of  the  symmetrical  system.  The  third 
part  of  the  DESIGN  results  is  a  tabulation  of  loads  and  internal  forces 
at  the  joints  of  the  member  and  at  the  calculation  points,  page  Bll. 

These  data  are  optional  and  may  be  output  selectively  for  any  or  all 
members  in  the  culvert  or  may  be  omitted. 

106 .  Af ter  all  output  is  complete ,  the  user  has  the  oppor tuni ty  to 
revise  the  input  data  for  the  problem  just  completed,  page  B12.  To  illus¬ 
trate  the  edit  feature  of  the  progrcun,  the  input  data  for  the  one  rxd  1 
culvert  design  were  altered,  as  shown  on  pages  Bl2  and  Bl3.  Only  th< 
problem  heading  and  the  standard  load  case  pressure  coef f ic icuits  were 
altered;  all  other  data  remain  unchanged.  An  echoi^rint  of  the  amend(‘d 
ini'ut  data  and  the  DESIGN  results  are  shown  on  pages  Bl-'J  thro^igh  1^1^'..  As 
indicated  on  page  BlS,  when  outj;ut  is  complete,  the  inp^ut  data  may  auain 
be  revised,  the  program  may  be  restarted,  or  the*  run  may  be  termi  natt.Hl . 
The  notation  "NORMAb  TERMINATION"  indicates  that  aJ  1  files  rprierated  by 
thr:  program  have  been  placed  in  permanent  stat\js.  Any  i  nt;ervc*n t  i  on  l:>y 
tilt,*  user  or  other  abnormal  termination  prior  to  this  mes.satp*  may  rt^sult 

in  loss  of  filers  generated  by  the  program. 

107.  The  culvert  in  each  of  the  preceding  f-xamrdes  was  dt'siun«-d  tOr 

a  single  load  case.  A  working  stre.ss  design  of  thf*  one  (mO  1  culvf'rt  fof 
two  load  cases  is  illustrated  on  ])ag(:*s  BlO  tlirough  1^.27.  In  tlri  s  case, 
input  data  were  stored  in  a  p('‘rmant*nt  file,  listcsl  on  pagr*  Fb7d,  p.rir)r  to 
r^xocution.  Pro<jram  }jromj)ts  and  us(ir  ros}ionses  are  s.hr;wn  on  i^age  P>1‘0 
For  this  }>roljlc'rn  all  oat|)ut  dat:a  w^'rc*  dir^’Cted  to  u  j-ermarierd  fil/-  wliich 
was  subse‘q»,iently  listtul  after  normal  tc'rminaticjn  ot  the  j program.  'I’he 
e‘v;hoprint  of  inj'ut  fiata  is  </iven  on  x^age.s  tlir^aug))  an<]  Dl.'.'  lGN  r*-- 

sults  are  provide<}  on  pa<je*s  h24  through  H27.  S  i  an  i  f  i  i.ant  d  i  f  f  ( 'r  <*!v* -s.  in 
Dbs'IGN  results  for  multiple  load  s'afies  or -cur  in  thr*  tububdirMi  of  <li'S>iun 
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reinforcement  data,  pages  B24  and  B25.  Load  cases  may  produce  reversal 
of  bendi’^g  at  a  single  point,  in  which  case  tension  reinforcement  in  each 
face  of  tne  member  is  required  at  that  location.  The  maximum  reinforce¬ 
ment  required  in  each  face  at  each  point  is  presented.  DESIGN  load/force 
data  were  selectively  output  for  both  load  cases  and  are  given  on  pages 
B26  and  B27. 

108.  It  should  be  noted  that  the  lateral  load  indicated  on  the  base 
members  of  the  culvert  is  the  total  reaction  (soil  and  water,  excluding 
base  slab  weight)  calculated  by  the  program. 

Six  Cell  Culvert  Design 


109.  The  six  cell  culvert  shown  in  Figure  B2  was  designed  for  two 
load  cases  by  the  ACI  strength  design  procedure.  Input  data  were  stored 
in  a  permanent  file,  listed  on  page  B3I,  prior  to  execution.  Program 
prompts  and  user  responses  required  to  execute  the  program  are  shown  on 
page  B30. 

110.  The  echoprint  of  input  data  is  shown  on  pages  B32  through  R34 . 
The  necessary  material  property  parameters  for  ACT  strength  design  re¬ 
place  those  previously  noted  for  working  stress  design.  The  notation 
that  the  strength  reduction  factor  (4))  is  "VARIABLE"  indicates  that  this 
factor  is  calculated  by  the  program  at  each  point  in  the  structure.  The 
notation  that  the  reinforcement  cover  for  interior  walls  is  "CL"  indi¬ 
cates  that  a  single  reinforcement  area  is  to  be  considc'red  at  the  center¬ 
line  of  these  members. 

111.  DESIGN  results  are  contained  on  pages  B33  through  B42 .  'Vhi^  re¬ 
sults  indicate  that  the  design  thickness  of  the  interior  walls  was  dic¬ 
tated  by  the  minimum  thickness  for  these  walls  supjjlied  as  in|)Ut  and  not 
by  the  applied  loads. 


Iliree  Cell  Culvert  Invc^st.igati o n 

112.  i'hc  three  cell  culvert  shown  in  Figure  B3  was  invest  i gat  ('<1  t  oi 
two  standard  load  cases  using  thv  ACI  Strength  Desicgi  i'roc:(»dure .  In|>ut 
data  were  stored  in  a  fiJf‘,  listed  on  ]:)age  B40,  p-rior  to  execution. 
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Program  prompts  and  user  responses  required  to  execute  the  program  are 
shown  on  page  B45. 

113.  The  echoprint  ot  input  data  is  shown  on  pages  B47  througii  b4d. 
As  indicated  in  section  l.F  of  the  echoprint,  six  members  w<L^re  selected 
for  investigat ion.  Because  the  structure  and  loading  are  symmetric, 
these  six  members  are  sufficient  to  indie  cate  the  res^vons-j  ot  the  <nitire 
structure.  Note  also  that  tio  foundation  reaction  coefficients  ar<  pro¬ 
vided,  since  the  program  determines  the  foundation  reaction  distribution 
from  the  appdiod  loads  (uniform  in  this  case) . 

114.  OutiJut  data,  pages  B!jO  through  E:554,  consi.st  of  two  |>arts.  A 
summary  of  results,  pages  D50  through  B53,  provides  tlie  forces  and  ritteii 
dant  factors  of  safety  for  each  member  designated  for  invnjs t igot  10:1 . 
cause  the  strength  reduction  factor  was  not  specified  as  input,  tin 
strenqtli  reduction  factor  determined  by  the  program  is  also  printed. 
These  data  are  output  for  each  load  case.  It  should  be  emthasiseri  that, 
the  results  for  three  locations  may  not  coincide  with  a  local  rnaxi.mu;?? 
stresjr;  condition. 

115.  The  summary  of  results  may  include  one  or  more  ot  tlie  fc.^l  iDWinc 
messages : 

a.  "FACTOR  OF  SAFFTY  UNDFFINFD  DDF  TO  T];h;'If)rJ  /YXlAb  I- •  1 
ZFRO  TKNSION  REINFORCFMKNT" 

No  attem[;t  is  made  to  calculate  a  liexuio/  factor  ot  sa!t.t.y 
under  these  conditions.  'I'ension  axial  fore'**  mi^y  bC'  P'roduc- 
ed  by  high  internal  water  (assures  or  by  unusual  :'.pe*cia] 
load  cases. 

b.  "FACTOR  OF  SAFETY  =  Mil  *  MN/M  PUh  To  dl.R/;  AXIAL  Ft.'KCl::" 

Ordinarily  the  factrjr  of  safely  is  calculated  for  the  nomi¬ 
nal  axial  load  strerigth  at  actual  ect  luit  t  icity  as  irkiicat^d 
on  page  if  int*_anal  w.it<‘t  pi  ' 'r'Su  r- a;  or'  sp<'('ia]  b;»ad 

<:as4T.  ri'SU  1  t  in  inu'o  ixiaJ  lu.id  at  j  t  nn,  th'-  ta-'t. lU  ■  1 


sat.'ty 

1  s  btt::> 

ed  on  }  >ur 

nnd  1  H' ;  s. t  r  <  'll  ;  t  r 

r-.  "hori-ir; 

-A^  1  -d 

Ah  i  }•■  > 

'  l.p! 

ai-'i.  P'  !  .  :  0 

Tfur;  Ill- 

■ssage 

IS  U'  an  •  t  a 

t  <*.1 

w’h#  :n  ■  V*  ■  r  ■  1 

' .  ]  •  . 

I . 

ll6.  'I'ln-  .sei.'ond 

cart  0 

f  'sjtpnt 

dat 

a  ■  ■  1  )  r  1  s  1 : .  t  ■  .  ' 

1  t  . i[  a  1  j 

forces  and  load^^  as 

s<  )C  1  a  t  ( 

i  wi  t  il  na 

‘  1 ;  m*  'ml  -» ■  r  .  I'h ■  '  • 

:  0  . 1  i  r 

orily  for  thosi  mf-mb* 

a  d»  , 

!  }nat  •  f 

<  ■'  r 

1  f iv'  a  i  ja  t  : f. . 

M'  "  Cl  * 

•7  > 


data  are  optional  and  may  be  selected  for  any  or  ail  members  investigat¬ 
ed  for  any  or  all  load  cases,  see  page  B45. 


Four  Cell  Culvert  Investigation 


117.  The  four  ceil  culvert  shown  in  Figure  b4  was  investigated  witri 
the  working  stress  design  procedure.  Loads  were  aj  idled  as  a  single  spe¬ 
cial  load  case  which  includes  coiicent rated  loads  on  the  rocd  and  internal 
water  in  the  third  cell-  Soil  loads  and  the  weight  of  the  roof  have  been 
combined  into  the  distributed  r'sof  load  shown;  weights  of  the  vertical 
walls  have  been  applied  as  distributed  loads.  Interactive  entry  ol  data 
from  the  terminal  is  depicted  on  page  B57,  and  a  listing  of  the  predefined 
input  data  file  is  given  on  page  BS9.  An  echoprint  of  the  input  data  is 
shown  on  pages  B60  through  B62.  As  indicated  in  part  l.F  of  the  echo^'rint, 
eight  members  were  selected  for  investigation. 

118.  The  dimensions  shown  in  Figure  B4  indicate  different  covers  for 
the  interior  of  roof  and  end  wall  reinforcement.  However,  the  program  ac¬ 
cepts  only  a  single  value  of  cover  to  describe  both  locations.  f'or  this 
illustration  the  cover  for  the  interior  roof  reinforcement  was  used.  To 
obtain  a  more  accurate  assessment  of  the  factors  of  safety  for  the  end 
walls,  a  second  run  using  the  end  wall  interior  cover  would  be  necessary. 
Note  that  cover  dimensions  do  not  affect  internal  forces  calculated  by  tlie 
program. 

119.  Attention  is  directed  to  t}ie  roi  nforct  nient  i  nf  c:i rm.it  ion  |  rovrli  d 

for  the  interior  vortical  walls  of  tin*  stru-tum.  I  art  1  .  L  indioat*/s 
the  reinforL'emon t  for  tliese  mf:^ml;)er.s  is  lo'jatf'd  on  tij*^  inem}>cr  cunt 1  i  iil- . 
Consequently,  it  is  necessary  tliat  botli  ”T')i'"  arid  i  n1  or  cc^rm  nt 

areas  be  provided  at  each  location  for  tlucio  mombf  .  '  h*  total 

reinforcement  area,  see  data  for  mf/mbo'f  14,  lart  l.F,  pagt*  UGl. 

120.  The  outi^ut  d<ita  again  consist  of  t  w’c  ;  aits.  I'iie  sninmary  of  in¬ 
sults  gives  tht.‘  intc^rnal  foTvS.-.s  arid  mat»'*ial  ‘dr.c-^sos  at  tdi*-  l«.ft.  an<i 
right  eritis  and  the  ceTit'-riin*'  of  th'-  di-ir  siaii  and  id.cai'  tore*  :,  and 
f<ict->rs  of  ;-..if<.‘tv  for  each  msmiu-r  d^s  i  iiiat  cd  fc  r  i  nvos.  f  i  ga  t  i  on  .  jfiis 
information  will  he  }aint»'<l  ‘or  »  !■  !i  Load  ^  as*'. 
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121.  The  summary  of  results  may  include  the  followinq  messages: 

a.  "STRhSS  UNDEFINED  DUE  TO  EXCESSIVE  TISNSTON  AXIAL  FORCE  OR 
NO  TENSION  REINFORCEMENT  AT  SECTION" 

This  message  is  generated  whenever  a  tension  axial  force  would  result  in 
tension  stress  in  the  concrete  over  the  entire  cross  section  or  whenever 
zero  reinforcement  area  occurs  in  the  tension  face  of  a  member  subjected 
to  bending  moment. 

b.  "NNNNNN-U-OF-I  440  SHEAR  PROCEDURE  DOES  NOT  APPLY  FOR  THIS 
MESSAGE" 

This  message  is  generated  whenever  ^  11.5. 

122.  The  second  part  of  the  output,  pages  B65  through  B67,  consists 
of  a  tabulation  of  loads  and  forces  for  each  member  designated  for  in¬ 
vestigation.  This  section  of  the  output  is  optional.  These  tabulations 
provide  the  foundation  reaction  necessary  to  equilibrate  the  unbalanced 
loads  specified  in  the  input  data.  Whenever  a  dual  value  of  load  and/or 
force  occurs  at  a  single  location  (i.e.,  sudden  changes  in  shear  due  to 
concentrated  lateral  loads,  see  results  for  members  23  and  24)  two  lines 
for  that  location  are  printed  giving  the  values  immediately  to  the  left 
and  right,  respectively,  of  the  discontinuity. 
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Notes  and  General  Requirements  for 


Culvert  Description 

1.  Culvert  (see  Figure  1) 

The  culvert  is  assumed  to  be  composed  of  vertical  and  horizon¬ 
tal,  straight,  prismatic  members. 

b.  A  one  foot  slice  x-^erpendicular  to  the  longitudinal  axis  of  the 
culvert  is  analyzed. 

£.  The  top  slab  has  a  constant  thicknesS‘--T  ( 1 )  . 

d.  The  end  walls  have  the  same  thickness--T ( 2 ) . 

e.  All  interior  walls  have  the  same  thickness--T ( 4 ) . 

The  base  slab  has  a  constant  thickness--T ( 3 ) . 

g.  The  height  of  all  cell  openings  is  the  same--RI Si: . 

h.  Haunches  are  assumed  to  be  at  45*^  with  the  axes  of  the  members 
and,  if  used,  are  assumed  to  be  the  same  size  for  all  cells. 

i_.  The  culvert  is  assumed  to  be  composed  of  1  to  9  cells. 
j_.  For  DESIGN  the  cell  width  is  assumed  to  be  constant, 
k.  For  INVESTIGATION  the  cell  width  may  vary. 

2.  Elevations 

a.  Elevations  are  assumed  to  be  in  feet,  decreasing  downv^ard. 

b.  The  elevation  of  the  culvert  invert  IN  JMv,  F  inure  1,  is  tixi*d. . 

3.  .-;oil 

a.  I'ho  soil  surrounding  the  culvert  is  assumed  to  be  coim-'Osed  of 
one  (1)  to  three  (3)  horizontal,  homogeni-ous  layers,  for  DliFJGN; 

zero  (0)  to  throe  (3)  layers  for  niVFS'l  I  C.A'i  lur: .  (Note: 

Zero  (0)  soil  layers  indicate  that  all  loadj;  are  a}'j  lied  by 
Fp'ecial  Load  cases.) 

b,  I'he  top  elevation  of  the  up;.)ermost  soil  layer  must  be  at  or 
above  the  elevation  of  the  invert. 

c.  'Vhv  tops  of  other  soil  layers  may  F-e  at  any  ele'vafion. 

d,  Tlje  last  soil  layeu*  dosc:ribed  is,  .u^sumed  to  ext.end  ad  ml  in  it  am 
downward . 

IVo  (2)  unit  woi.giits  are  reguirt'd  ‘or  cac])  soH  layer. 

'.■(1)  Moist  Unit  v;eight,  GAMM;'!',  is.  used  it  t.h.j  :-(-ii  i-; 

alx-ve  grfjundwater 

e(2)  .ditur.ited  Unit  Wmuht,  oAlt  A'r,  (i'UI'  is.  \iin'd  to  d*  t.  ri:une 
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tho  sabmt.Tcjed  unit  weiqht  (v  ,  .  -  v  -  y  )  for 

n  ubm  e  r  e  d  s  a  t  w 

soil  beiov/  qroundwater  elevation. 

4.  Water- water  effects  are  cons i acred  for  each  Standard  Load  ca 

a.  Groundwa tor--Groundwatcr  elevation,  GWATLL,  (Fiqurc  I)  may  bt? 
at  :iny  elevation.  Groundwatex*  elevation  influences  the  effec 
tive  weifjiht  of  the  soil  and  iiydrosta  .ic  pres  5ures  on  the  cul¬ 
vert. 

b.  Internal  Water- -For  INVFSTlGATION  water  pressures  may  be  im¬ 
posed  on  the  internal  surfaces  of  any  or  all  of  the  cells. 
Internal  waiter  pressures  are  determined  from  the  effective 
water  elevation  specified  for  each  cell.  Internal  water  pres 
sures  are  not  permitted  in  the  DlhUGN  mode, 

5.  Standard  Loads 

Only  loads  due  to  soil,  qrourxdwater ,  surface  surcharqe,  airi 
s true ture  we iqht  are  used  for  DESIGN . 

b.  Nomirxal  soil  and  surcliarge  loads  are  altered  by  veitit:a]  and 
horizontal  pressure  coe  f  f  ic  ients .  One  (1)  to  four  (4)  |)airs 
of  standard  load  coefficients  (nonzero)  with  con  *  sj^ondinq 
surcharqe-  and  qroundwater  elevation  are  requiroi.;  if  Standard 
I/^ads  are  specified. 

G .  S  pt '  c  ia  1  Load  s 

a.  Special  Loads  are  perm  it  tv  .  only  for  the  IIAhLSTlGAT  1  ON  mode. 

b-  Up  to  four  (4)  Special  Load  c.  sos  are  }>crmitted.  Faoh  load 
case  may  contain  up  to  eiqlity-four  (S4)  lines  of  data  describ 
i  nq  t he  d  i s t r  ib u  t  i o n  of  s ] h: c  i. a  1  I o ad s  . 

7  .  T  n  t  ■  \\\ iter  Lo ads 

a.  i.  r  nal  water  loads  are  [)ormLtted  only  in  the  I  NVFS'riG.A'l  PIN 
mode  witli  Standard  Loads.  If  internal  water  is  j^resenl  ,  it.s 
effectis  are  comlMned  witli  all  Standard  Load  cases. 

q.  Load  i'actor;-: 

a.  If  tin'  SU  method  is  s}hh' 1 1' i  tai ,  live  (1"IJ.)  airl  dead  (FDD  load 
factors  (nornu'ro)  must  be  [>rov  ideal. 

b.  All  S  ta  nd  a  ni  liOads  v'xcept  those  due'  to  ;;  true  ture'  wcuihi  are 
vu'insO eie're'd  to  bt'  live'  loads. 

.  All  Soe'oial  Loads  are,*  coins  ide' re.'(l  to  be*  live  loaehs  . 
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Reactions  tor  Unl^alanceu  Loads 

a.  I'or  i:*LLlc.'iN,  distribution  of  the  base  reliction  is  defined  by  two 
parameters,  I  and  J  (see  Figure  8) ,  viz: 

I:j]y't:;gCL 

b.  For  INVESTIGATION,  distribution  of  reactions  for  unbalanced 
loads  is  established  by  the  proc^ram,  see  Figure  10. 

10.  Meinl^er  Lata  for  INVESTIGATION 

a.  In  the  INVESTIGATION  mode,  reinforoemeriL  areas  are  required  i'or 
at  least  one  (1)  member. 

11.  Input  Data 

a.  Input  data  may  be  entered  during  execution  from  the  user's  ter¬ 
minal  or  may  be  stored  in  a  permanent  tile  before  tl.^*  turograr: 
is  executed.  Th.e  file  name  must  be  one  (1)  to  six  (G)  alpha¬ 
numeric  characters  beginning  with  uJj  alfbabetic  character. 

b.  Data  atU'  reaci  m  fre^^  field  foirnat. 

^(i)  All  data  it<.Mns  must,  be  sepairated  by  one  or  mur'.'  biant>;; 

comma  separators  are  not  allowed. 

^(2)  Ail  variable  naiiues  bc^j  inning  witli  [,  J,  K,  L,  M,  .i!id  h' 
i.iKi>  'ate  integer  values. 

b(3)  Integer  number  values  must  be  of  form  dNMlh 

b(4)  Real  number  values  may  be  of  form  XXXX,  XX.  XX,  X.XX}:  +  ee. 

r;.  racii  line  in  a  data  file  must  begin  with  a  nonzero  integer  line 
Mumbur  denoted  LN  below.  Line  numbers  are  not  required  w!ien 
data  are  entered  during  execution  from  the  user's  terminal. 

d.  Input  data  linens  must  be  in  the  sequence  described  below-  l-ine 

descriptors  enclosed  in  brackets  [  1  or  braces  {  ■  may  not  be 

required . 

e.  bower  case  words  enciosed  by  single  quotes  in  the  description 
below  indirjate  alphanumeric  information. 

f.  All  a Irlian'umer i  c  keywords  may  bo  abbreviated  witli  tin:'  undv^r- 
lintel  characte*r  (  s)  . 

12.  Inr/Ut  Data  Sequeiict-  and  rH.‘Sor ipt.ion 

a-  he’udor --urK.*  (1)  t.o  four  (4)  lines  arc;  provided  tor  i(i»,*nt  i  f  y  i  n<  j 
ttu;  run. 
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a(l)  Header  Line  1 

(a)  Contents 

[LN]  NLINLS  'heading ’ 

(b)  Definitions 

[LN]  =  line  number  (not  required  if  data  entered 
during  execution  from  user's  terminal) 

NLINES  =  total  number  of  header  lines  =  intf.'ger  1 
to  4 

'header'  =  any  alphanumeric  information 

(c)  Total  characters  on  Header  Line  1  includinci  LN, 
'heading,'  and  embedded  blanks  must  be  <  80,  Blank 
'heading'  is  not  permitted, 

a (2)  Header  Lines  2  to  NLINES  ([data]  not  recuiired  if  NLTNES  -  l 

(a)  Contents 

[ LN]  [ ' heading ' ] 

(b)  Total  characters  including  LN ,  'heading,'  and  emiDodded 
blanks  must  be  <  80.  Blank  'licading'  is  not  pormittu^d 

Mode,  Method-'-One  (1)  iiiK^  (alphani^imer ic) 
b  (1)  Contents 

[1-tJ]  'mode'  'method'  ISMROB'I] 
b{2)  Definitions 

'mode'  =  DESIGN  OR  l^NVESTIGATIGN 
'method'  =  WSD  or 

SIIROPT  =  Design  Shear  Option  (see  ])aracjra}>h  (>4 ,  pau('  4H) 
-  1,  2,  or  3  if  'Mode'  -  DILSIGN  and  'Med. hod  '  -  h’SI' 
=  1  or  2  if  'Mode*'  -  DESKjN  and  'Mc'thod'  -  Sib* 
Omit  if  'Mode'  TNVILSTIGATION 

Material  Lropc'rtios  and  Desiejn  T'ac;  tc.)r  S“*-One  (1)  line  (Tuinn-ri-o 
c(i)  Contents 

[LN]  PC  FY  WTCONC  [WlAX  PUT] 
c{2)  Definitions 

V\.'  ~  ultimate  ('oru  ui  *  t  e  rdu'cnglh 

PY  -  rcM  nforf.-enuai  t.  yield  ^;tr('n(^th  (I'Ptl) 

WT(,’ON('  -■  eoneTetf  un)t  weight  (J‘e4-') 


RMAX  =  maximum  steel  ratio  (0  <  RMAX  <  1)  (A  /A  ) ; 
omit  if  ‘motl'iod'  =  WSD  ^  ^ 

PHI  =  strength  reduction  factor  (0  <  PHI  <  1);  omit  if 
'method*  =  if  input  =  zero,  calculated  by 

program  for  'metiiod*  =  £D. 

d.  Culvert  Geometry — One  (1)  or  two  (2)  lines 

d(l)  Control — One  (1)  line 

(a)  Contents 

[LN]  NCELLS  RISE  HAUNCH  ELINV  WIDTH 

(b)  Definitions 

NCELLS  =  number  of  cells  (1  to  9) 

RISE  =  height  of  cell  opening  (FT) 

HAUNCH  =  haunch  width  (IN.) 

ELINV  =  elevation  of  invert  (FT) 

^For  DESIGN  =  width  of  cell  openings  (FT) 

For  INVESTIGATION,  if  >  0  =  width  of  all  cell 
WIDTH  i  openings  (FT) 

For  INVESTIGATION,  if  -  0,  width  of  cell  oin^n- 
ings  varies  as  given  in  line  2  below 

d(2)  Coll  Widths — One  (1)  line  if  'mode'  =  INVESTIGATION  and 

WIDTH  =  0  above;  omit  if  'mode'  -  DESIGN 

(a)  Contents 

[LN]  [WIDTH(l)  WIDTH(2)  .  .  .  WIDTH (NCELLS) ] 

(b)  Definition 

WIDTH (I)  =  width  of  Ith  cell  opening  (FT) 
e^.  Reinforcement  Cover — One  (1)  line 
£(1)  Contents 

[LN]  COVER(l)  C0VER(2)  COVER(3)  [COVER(4)] 
e(2)  Definitions 

COVER(l)  =  distance  (IN.)  from  centroid  of  reinforcement 
to  exterior  surface  of  all  exterior  mt^mbr^rs 

COVER  (2)  =  fiistanco  (IN.)  from  centroid  of  roinf  orcf'mcuit 
to  interior  surface  of  roof  a7)d  ext<'rior  wa  1  ] 

COVER  (3)  =  distance^  (IN.)  from  centroid  of  nf  orci'ment 
to  interior  f ac:o  of  basi' 

CoV]’:R(4)  =  distance  (IN.)  from  centroid  of  r einf < )r';;en(‘nt 
to  t(}nsion  fact*  for  a]  ]  jntr'rifjr  wall^o 
if  N('1:LLS  I;  reinforcement  assumed  at  midd]** 
of  member  i  f  i  njcit  (vp)al  to  z<‘ro 
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Member  Thicknesses — One  (1)  line 
f_(l)  Contents 

[LN]  T(l)  T(2)  T(3)  [T(4)  1 

^(2)  Definitions 

T(l)  =  thickness  (IN.)  of  roof 

T(2)  =  thickness  (IN.)  of  exterior  walls 

T(3)  =  thickness  (IN.)  of  base 

T(4)  =  thickness  (IN.)  of  interior  walls;  omit  if 
NCELLS  =  1 

Thicknesses  are  minimum  acceptable  thickness  if  ’modt-’ 

=  DESIGN 

Thicknesses  are  actual  thicknesses  if  'mode'  =  niVKST] CA¬ 
TION 

2^.  Maximum  Reinforcement  Areas — One  (1)  line  if  'mode'  p}:SJGN; 
omit  if  'mode'  =  INVESTIGATION 
g_(  1)  Contents 

(LN  ASMAX(l)  ASMAX(2)  ASMAX(3)  {ASMAX(4)}( 
g(2)  Definitions 

ASMAX(l)  =  maximum  permissible  reinforcement  area  for 
roof  (IN. 2) 

ASMAX(2)  =  maximum  area  for  exterior  wails  (IN. 2) 

ASMAX(3)  =  maximum  area  for  base  (IN. 2) 

ASMAX(4)  =  maximum  area  for  interior  walls  (IN. 2);  omit  it 
NCELLS  1 

h.  Soil  Data“-Onc  (1)  to  four  (4)  linos 
h(l)  Control — One  line 

(a)  Contents 
[LN]  NLAYER 

(b)  Definition 

NLAYER  -  numl:»cr  of  soil  layers;  one  (1)  to  tJire('  (^>) 
if  'mode'  -  Dl'SIGN;  zero  (0)  to  tliret^  (3)  it 
' mode  ’  niVIiSTI CATION 

h(2)  Soil  Layer  Data^-NIAvYER  lines  (Lav’er  1  is  surfac't'  layer, 
layers  profnnvl  ial  ly  downward);  omit  if  r^IAYEH  '» 

(a)  (Jon  tents 

MlnI  KI.lAY(l)  C/\M!^AT{1)  CAMME-T  (  1  )  '^ 

(b)  Definitions 

ELIiAY  ( I )  -  (* leva t  ion  at  of  la>s'r  i  VV) 

(‘t7\M!^AT  (  I  )  -  satnratfMl  nni  t  w»'i<|ht  oi  Kiy^-r  (I’t'}') 
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G AT-IMS 'r  ( I )  =  luo i s  t  ( s r  c j v^i  )  u ri i  t  w(  ■  i  | h  1  of  1  a y i  - r 
iiKT) 

1.  Standard  Load  Case  Data--Lero  (0)  to  five  (S)  liru'o;  ovm^  (‘ht  i 
section  if  NIJVYLR  0 

£ ( 1 )  Contro l~-0ne  ( 1 )  line 

(a)  Contents 

{  [LN]  MSTCAS  [GAMWAT]} 

(b)  Definitions 

NSTCAS  ==  n'oinbor  of  Standard  Load  cases  (J  to  4) 

GATWAi’  =  unit  weight  of  water  (}’CF);  set  to  it 

i npu t  as  zero  or  omit tenl 

i(2)  Standard  Load  Case  Coef f icients-'-NSTCAS  lino 

(a)  Contents 

{  [LN]  VCOLFFd)  HCOr:FF(I)}  {[SURCii(I)  GWATLL  (I  )  ]  ‘ 

(b)  Definitions 

VCOKFr(I)*  =  coefficient  for  vertical  soil  y^ressur  <  .v. 

HCOKP’F  { I  )  *  -  coefficient  for  horizontal  soil  rressair 

SURCH(I)**  =  surface  surcharge  (i\SF)  for  U>ad  c.nn-  I 

GWATLL(l)**  =  groundwater  elevation  (FD  foj  Lo.a.i  '.e  . 

♦Coefficient  for  horizontal  pressure  diui  t.o  s  irv'Laro’< 
IICOLFF  (I)  :  VCOFPF  (I ) 

♦*If  both  SURCll(I)  and  GWATFL(T)  are  omitted,  sureluoa 
and  groundwater  ef f ects  are  ignored . 

2,  Special  Load  Data --One  (1)  to  three  hundred  forty  (340)  liras.; 
omit  entire  section  if  'mo<ie'  -  UFSIGN 

2(1)  Control  —  One  (1)  line.' 

(a)  Contents 

I ILN]  NSPCAS^ 

(b)  Def inition 

NSPCAS  ~  number  of  Special  l^oad  c’ases  (0  to  4) 

2(2)  Special  liOad  Case  Data- -Two  (2)  to  eighty- five  (gt)  liiu’s 
omi  t  if  NSPC'AS  -  0 
(a)  Contro l--t)no  (1)  line 
(al)  Con  ten  fj; 

f  I Lh)  DLDMFM (N) 1 
{a2)  l)ef;nit.ion 

NLI)MFPl(N)  -  number  of  meml)('r  load  I  hkc;  ur  M  i 
IxDad  oase  p  ( 1  t-O  H4 ) 

AH 


(b)  Mon\ber  Load  Lines-“NLDMLM  (N)  lines 


(bl)  Contents 

{[LN]  LDMI:M(N,I),  LJJDIK(N,I)  ,  LDTYPK(K,]),  (L,!  )  , 
UIST(N,I,1)  ,  [DIST(N,I,2)  )  ,  llLNUCM)  1  } 


(b2)  Definitions 
LDMLMtN, I) 
LDDIRCJ,  I) 


LDTYPE  (N, I) 


g  ( N  ,  1 ) 


DTST(N,I,i) 


member  number 

load  direction  in  member  coordinate- 
system  -  X  or  Y 

Load  typo 

=  C  for  concentrated  load 
=  Lf  for  uniform  load 
=  T  for  triangular  load 

load  magnitude  for  concentrated  load 
(PLF) 

load  magnitude  for  uniform  load  (i’LF 
maximum  loaci  magnitude  for  triangu¬ 
lar  load  (rsF) 

distance  from  member  coordinate  oii- 
qin  to  concentrated  load  or  to  sKirt 
or  distributed  load  (F']’) 


D1ST(N, T ,2) 
TEND (N, 1,1) 


distanc:e  tn  (ukI  of  distributed  l(.>ad 
(FT);  omit  if  LDTYPi;(N,l)  d 

indicator  for  triangular  load;  omit 
f  o  r  L)  t  i  r  1  o  af  1  t  y]>t,  - 
L  it  maximum  occairs  <it  lid't  (:dart) 
i-'Uil 

P  if  maximum  occur s>  at  right  end 


j(3)  Rcf)eat  section  ]  (2)  r,'RPCA>s  times 


k.  Load  Pactor:;--' )ne  lintj  if  'met.hod'  -  Pl>;  r,rii  t  if  'metlp.Hi'  V.’.I 


k(J)  (Jont^uits 

{  ILNI  FPL  FdJL} 
k(2)  Definitions 


F1,L 

^  live 

load 

factor  ( 

•  0) 

FDI. 

-  dead 

load 

factor  ( 

>  0) 

L.  [iase  Reaction  Distribution  I  imli  c,it  ors--<'du‘  (1)  M  ne  if  *:rK)d(  ' 
DhidtiN;  omit  if  'mode'  --  _I  rsTVl-ptl’KiATToN 
1(1)  ^.’ontentf^ 

1  iLLl  XI  XJ  1 
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1^(2)  Definitions 

XI,  XJ  indicate  relative  values  of  edge  and  centerline 
base  reactions 

XI :XJ| QE:QCL 

m.  Internal  VJater  Data — One  (1)  or  two  (2)  lines;  omit  entire?  sec¬ 
tion  if  *mode'  ==  DESIGN  or  if  NSTCAS  =  0 

m { 1 )  Control — One  ( 1 )  I ine 

(a)  Contents 
[LN]  IWAT 

(b)  Definitions 

IWAT  =  indicator  for  internal  water 
=0,  no  internal  water 

=  1 ,  internal  water  eleva tions  specified 
m(2)  Internal  Water  ElGvations--Zero  (0)  or  one  (1)  line;  omit 
if  'mode'  =  DESIGN,  if  IWAT  -  0,  or  if  NS'J'CAS  -  0 

(a)  Contents 

{  [LN]  CELWAT(l)  CELWAT(2)  .  .  .  CELWAT  ( NCliLLS )  I 

(b)  Definition 

CELWAT{I)  =  effective  elevation  (FT)  of  internal  wati^r 
in  cell  T;  if  less  than  ELINV,  no  intirrnal 
water  in  cel 1  I 

n.  Member  Data  for  INVESTIGATION--Zoro  (0)  or  two  (2)  to  twoiity- 
nine  (29)  lines;  omit  entire  section  if  'mode'  -  DESIGN 

n(i)  Control --One  (1)  line 

(a)  Contents 
{[LN]  NMTNV} 

(b)  Dc'finition 

NMINV  ~  number  of  mc-inbc'rs  to  i  nvt'stiqat^.^l  (1  io 
total  numl)er  members  in  culvc'rt) 

n(2)  Mernljcjr  Data  —  NMIfA/  linos 

(a)  Cent  (Sits 

f  [LN]  INVMEM(N)  AS'l’IdN)  ASIddN)  hl-'K' iW)  ASi^'MN) 
a:  'I’K  (N)  ASHE  (N) 

(1) )  I H ' f  i  tii  t  iorifi 

INVMliM(:J)  me'mi>f‘r  numlK-r 
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AbbrevidtocI  Input  Guide- 

Notation 

a.  Data  items  t;ncloseci  in  brackets  I  ]  may  not  be  reo’uiri  Li 

b.  Data  items  enclosed  in  braces  {  ;  indioatt^  choost*  oin* 

Input 

a.  Header — One  (1)  to  lour  (4)  lines 
LM  NLKJbS  'hL^adinq' 

[LN  'hoadinq'] 

[l.N  'hoadinq'] 

[LN  'hoadinq' ] 

b.  Mode,  Method,  L  ii  )C(.  ■  iar* —  tn*  (1)  li/n' 

tni'siON  ■  ■ 

LN  es. 

^^NVIhSTIGATTONj  ,:'.b  ' 

c.  Material  rro}>erties  and  lM.*sian  rOiLdoie;--'  lO'  {!)  liric' 

Lli  FC  FY  l\MOONO  [  R^yVA  I  'liT] 

cK  Cujv^.-rt  Geome try--i.)ne  (1)  or  two  (11)  liiR^s 
d(l)  Control --one  (i)  line 

LN  NCL’LLh  RiSi:  HAUrJCdi  i;LlNV  WiD'itH 

d(2J  Coll  Widths--:'('ro  (0)  or  om^  (1)  line 

(LN  wnrrffd)  wiIjTH(2)  .  .  .  wmrfi  (:jci:hh;}  | 
o.  Re  in  tor  fa'men  t  Cover--f)ne  (1)  line 

hh  CfOVl'Rd)  {.'(A'FKCd  roVl'.Hi  y)  I  ( (  4  )  ] 
f.  Memijer  'I'h  icknesses--f  ‘  (J)  line 

LN  Td)  T(J)  T(l)  (’I'(4)] 

q.  Maximum  RU'inforn-oment  Ar(.*af:--l’ero  ('))  or  one  (1)  liiie 
[14:  ASMAXd)  A:‘.lb\X(C)  ASMi\X  (  ^  lA;MAX(4)l) 

ii.  Fed  1  Data--' 'no  (1)  ta>  four  (4)  Iiihu; 
ii(l)  ( 'ont  rol --On- ■■  ([)  dne 

dJ  NhAVt.’H 

h{C)  FfJil  l.ay<’r  ];<j  t  <i--NhAVi  F-'  lin«‘.<; 

[  i'4  J  AY  (  I  )  GAMFAO  (1)  '  iAMMF  I  (  )  )  ] 

L,  Ft,<indard  ix^ad  I  m  t  a- 'm  id  ''ntir'  i;»-dK.)n  if  FiAVi  1: 

Wl;;e  two  (C)  fo  live  (F)  liiMc- 
1  (  U  e.ont  ro  1  -  IP  ■  (  1  )  i  i  n*  ■ 

Iff  ::  ‘FA.  ■./civAi; 
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(].}  t  c  I'oui'  (4)  l 


£(2)  St.indard  Load  Case  Coef f iciorits- 

[LK  VCOKFV  ( I )  IICOCFF  ( I )  SUKCll  ( I  )  CWA'I'I  ’I.  (Ml 
j.  Sf^ocial  Load  Data--Omit  entire  section  if  '  mud»j '  -  l)l;F  .1(2:;  otht-r 
wise  one  {!)  to  throe  liundred  forty  (i40)  lines 
j_(i)  Controi--One  (1)  line 
[LN  MSFCAS] 

£(2)  S})eciai  Load  Case  Data^-lVo  (2)  to  ei<;htv'''f i vc'  (i-iL)  lijie.s 

(a)  Control — One  (1)  line 
ILN  dLDMFMlL) ] 

(b)  Mealier  Load  Lines--c)n(.-  (1)  to  cdqhty-four  {:--4)  lines 


DISl’  (U,  1,1}  [DISr  (,\b  1  ,  C)  }  I  ILNDO'J,  i  )  ]  J 
j(l)  Ke{.>‘-at  section  j(2)  NSPCAC  timer, 
k.  Load  Fac’t orS“-One  (1)  line  if  'methoCM  =  .‘0;  o:nit.  il 
'method'  -  Well 
[LM  FLL  FI)  LI 

£.  Base  Feaction  List  ribut  ion  I.  nd  i  ca  tor  r;--i  (1)  1  inL*  if  'mod*  * 

LLCICM,  otherwise  omit 
[LL  XT  XJj 

m.  Water  [.)a  ta-~  .)ne-  (1.)  or  two  (2)  lines  ii  'mr:)dL  '  1  CVLCl  ■ ' -A".  1  L 

and  MCTCAC  0;  otherwise'  omit 

m(i)  fVm troi--0nc‘  (1)  line 
[LL  I WAT] 

rri(2)  riiLernal  Viater  Llevat  ions--;',*  a'O  (e)  ei*  e>iu-  (|)  ]  i  n- ■ 
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FfvOGRAM  CORICUL  ULSIGN/INl'ESTIGATION  OF  OKTHOGONAL  CULVLKFS 
date;  08/22/80  TIhE;  06;^9:i4 


ARE  INPUT  DATA  TO  BE  READ  FROM  TERMINAL  OR  FILE? 
ENTER  'TERMINAL'  OR  'FILE' 

i:  1 


ENTER  NUMBER  OF  HEADER  LINES  <1  TO  4) 

1>4 

ENTER  HEADER  LINE  1  (72  CHARACTERS  MAXIMUM> 

I‘  ciGsisri  of  one  cell  culvert 

ENTER  HEADER  LINE  2  (72  CHARACTERS  MAXIMUM) 

I' work ina  stress  desian  procedure 

ENTER  HEADER  LINE  3  (72  CHARACTERS  MAXIMUM) 
I>shedr  deslan  with  combi  net ion  of  ui440  and  3ci63 
ENTER  HEADER  LINE  4  (72  CHARACTERS  MAXIMUM) 

I>orie  load  case  —  1  to  1  loadina 

MODE?  ENTER  'DESIGN'  OR  'INVESTIGATION' 

I>d 

METHOD?  ENTER  'WSD'  OR  'SD' 

I>wsd 

SHEAR  DESIGN  OPTION?  ENTER  l»  2  OR  3 

I  >2 

MATERIAL  PROPERTlESf  ENTER  VALUES  UNDER  HEADINGS 
CONCRETE  REINF  CONCRETE 

COMPRESSIVE  YIELD  UNIT 

STRENGTH  STRENGTH  WEIGHT 

(PSD  (PSD  (PCF) 

i::  4000  40000  150 

GEOMETRY  DATA 


NO  OF 

CELL 

HAUNCH 

INVERT 

CELL 

CELLS 

HEIGHT 

WIDTH 

ELEV 

WIDTH 

(1  TO  9) 

(FT) 

(IN) 

(FT) 

(FT) 

10  0  0  10 

COVER  TO  CENTROID  OF 

REINFORCEMENT 

EXTERIOR 

INTERIOR  SURFACES 

SURFACES 

ROOF/EXT* WALLS 

BASE  SLAB 

(IN) 

(IN) 

(IN) 

I>4  4  4 

MINIMUM  ALLOWABLE  THICKNESSES 

ROOF  EXTERIOR  BASE 

SLAB  WALLS  SLAB 

(IN)  (IN)  (IN) 

I>12  12  12 

MAXIMUM  PERMISSIBLE  REINFORCEMENT  AREAS 
ROOF  E  X  TER I OR  BASE 

SLAB  WALLS  SLAB 

(SQIN)  (SOIN)  (SGIN) 


I>2  2  2 


LOAD  DATA,  ENTER  NUMBER  OF  SOIL  LAYERS  <1  TO  3) 

I>1 

SOIL  LAYER  DATA,  ENTER  ONE  LINE  PER  LAYER 
ELEV  AT  UNIT  WEIGHTS 

LAYER  TOP  SATURATED  HOIST 

(FT)  (PCF)  (PCF) 

I>38  125  125 

ENTER  NUMBER  OF  STANDARD  LOAD  CASES  (1  TO  4) 

I>1 

ENTER  GROUND  WATER  UNIT  WEIGHT  (PCF) 

I  >62. 5 

ENTER  1  LINES  OF  STANDARD  LOAD  CASE  DATA,  ONE  LINE  AT  A  -riME. 

PRESSURE  COEFFICIENTS  SURFACE  GROUND  WATER 

VERTICAL  HORIZONTAL  SURCHARGE  ELEVATION 

(PSF)  (FT) 

I>1  1  0  -1000 

ENTER  FOUNDATION  REACTION  DISTRIBUTION  COEFFICIENTS 
1  J 

I>1  1 

INPUT  COMPLETE,  NO  ERRORS  DETECTED, 

DO  YOU  WANT  TO  EDIT  INPUT  DATA?  ENTER  'YES'  OR  'NO' 

I>n 

DO  YOU  WANT  INPUT  DATA  SAVED  IN  A  FILE?  ENTER  'YES'  OR  'NO' 

I>ri 

DO  YOU  WANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINALf  TO  A  FiLEf  TO  BOTHf  OR  NEITHER? 

ENTER  'TERMINAL'*  'FILE'*  'BOTH'*  OR  'NEITHER' 

I>t 
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F-ROGRAh  CORTCUL  HESIGN/INVESTICATION  OK  ORTHOGONAL  CULVERTS 
date:  00/22/80  TIHE;  OA:55J09 

1.  INPUT  DATA 

1. A. —HEADING 

DESIGN  OF  ONE  CELL  CULVERT 
UORKING  STRESS  DESIGN  PROCEDURE 

SHEAR  DESIGN  WITH  COHDINATION  OF  UI440  AND  ACI63 
ONE  LOAD  CASE  —  1  TO  1  LOADING 


l.B,--hODE  AND  PROCEDURE 

DESIGN  USING  WORKING  STRESS  DESIGN  PROCEDUREf  AND 
SHEAR  DESIGN  OPTION  2 


1*C.— MATERIAL  PROPERTIES 

concrete: 

ULTIMATE  STRENGTH  *  4000.  (PSD 

UORKING  STRESS  =  1800.  (PSD 

MODULUS  OF  ELASTICITV  =  3.8E+0A  (PSD 

UNIT  WEIGHT  =  150.  ( PCF ) 


reinforcement: 

YIELD  STRENGTH  =  40000.  (PSD 
WORKING  STRESS  =  20000.  (PSD 
MODULUS  OF  ELASTICITY  =  29.E+06  (PSD 


MODULAR  RATIO  (ES/EC)  =  7.563 


l.D.— GEOMETRY 

NO  OF  CELL  HAUNCH 

CELLS  HEIGHT  WIDTH 

(FT)  (IN) 

1  10.00  0.00 


INVERT  CELL 

ELEV  WIDTH 

(FT)  (FT) 

0.00  10.00 


REINFORCEMENT  COVER  (IN).* 
EXTERIOR  SURFACES  =  4.00 

INTERIOR  ROOF/END  WALLS  =  4.00 
INTERIOR  BASE  SLAB  *  4.00 


MINIMUM  THICKNESS  (IN) 
ROOF  SLAB  =  12.00 
EXTERIOR  WALLS  =  12.00 
BASE  SLAB  «  12.00 


MAXIMUM  REINF  AREA  (SGIN): 
ROOF  SLAB  =  2.00 

EXTERIOR  WALLS  =  2.00 
BASE  SLAB  *2.00 
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E.--LOAti  DATA 


l.E.l. -'STANDARD  LOAD  CASES 


SOIL  data: 

ELEV  AT 

LAYER  TOP  OF  LAYER 
NO  <FT> 

1  38.00 


SATURATED  hOIST 

UNIT  WEIGHT  UNIT  WEIGHT 
<PCF>  CPCF) 

125.00  125.00 


STANDARD  LOAD  CASE  DATA 

WATER  UNIT  WEIGHT  *  62.5  (FCF) 


LOAD 

CASE 

1 


PRESSURE  COEFFICIENTS 
VERTICAL  HORIZONTAL 

1.00  1.00 


SURFACE 

surcharge 

<PSF) 

0.00 


GROUND  WATER 
ELEVATION 
(FT) 

-1000.00 


FOUNDATION  REACTION  COEFFICIENTS  I 
OUTER  EDGES  *1.00 
CENTERLINE  -1.00 


1.E.2--SPECIAL  LOAD  CASES 
NO  SPECIAL  LOAD  CASES 


l.E. 4  — INTERNAL  WATER  DATA 
NO  INTERNAL  WATER 


B7 


SCHEMATIC  OF  CULVERT 


*— 21— ♦ 
t  I 

I  t 

11  12 

I  I 

!  ! 

* - !—♦ 


LOCAL  COORDINATE  SYSTEMS: 

HORIZONTAL  MEMBERS:  ORIGIN  AT  LEFT  ENDf  X-AXIS  TO  RIGHTf  Y-AXIS  UP 
VERTICAL  MEMBERS  ;  ORIGIN  AT  BOTTOMr  X-AXIS  UPr  Y-AXIS  TO  LEFT 

SIGN  conventions: 

POSITIVE  LATERAL  LOAD  ACTS  IN  PLUS  Y  DIRECTION 
POSITIVE  BENDING  MOMENT  PRODUCES  COMPRESSION 
ON  PLUS  Y  FACE  OF  MEMBER 

POSITIVE  SHEAR  TENDS  TO  MOVE  MEMBER  IN  PLUS  Y  DIRECTION 
POSITIVE  AXIAL  LOAD  ACTS  IN  PLUS  X  DIRECTION 
POSITIVE  AXIAL  INTERNAL  FORCE  IS  COMPRESSION 


INPUT  SEQUENCE  COMPLETE, 

DO  YOU  WANT  TO  CONTINUE  SOLUTION?  ENTER  'YES'  OR  'NO' 

I>v 

DO  YOU  WANT  RESULTS  PRINTED  AT  YOUR  TERMINAL* 

WRITTEN  TO  A  FILE*  OR  BOTH? 

ENTER  'TERMINAL'*  'FILE'*  OR  'BOTH' 

I>t 

SOLUTION  COMPLETE 
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PROGRAM  CORTCUL  -  DESIGN/INVESTIGATION  OF  ORTHOGONAL  CULVERTS 
date:  08/22/80  TIME:  06:55:29 

2»--DESX0N  RESULTS 

2.A«--HEADIN6 

DESIGN  OF  ONE  CELL  CULVERT 
UORKING  STRESS  DESIGN  PROCEDURE 

SHEAR  DESIGN  WITH  COMBINATION  OF  UI440  AND  ACI6S 
ONE  LOAD  CASE  --  1  TO  1  LOADING 


2*B*>-DESI6N  THICKNESSES 

DESIGN  USING  UORKING  STRESS  DESIGN  PROCEDUREt  AND 
SHEAR  DESIGN  OPTION  2 


DESIGN 

THICKNESS 

(IN) 

ROOF  SLAB  :  18. 

EXTERIOR  walls:  18. 

BASE  SLAB  :  18. 


— - 

•-CONTROLLING- 

- > 

LOAD 

STRESS 

CASE 

CONDITION 

MEMBER 

1 

SHEAR 

21 

1 

SHEAR 

11 

1 

SHEAR 

1 

CONCRETE  AREA  IN  CROSS  SECTION  »  69.00  (SOFT) 


2.C.-<-DESTGN  REINFORCEMENT  DATA  FOR  LEFT  HALF  OF  SYSTEM 
DESIGN  USING  UORKING  STRESS  DESIGN  PROCEDURE!  AND 
SHEAR  DESIGN  OPTION  2 


MEMBER  NUMBEfV  1 

< - 

—CONTROLLING- 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT> 

(KIPS) 

(SQIN 

.75 

1 

32.07 

29.12 

BOT 

.69 

3*25 

1 

-4.33 

29.12 

TOP 

MIN 

5.75 

1 

-16.47 

29.12 

TOP 

MIN 

8.25 

1 

-4.33 

29.12 

TOP 

MIN 

10.75 

1 

32.07 

29.12 

BOT 

.69 

B9 


H£HBER  NUHEER  11 


< - 

•-CONTROLLING- 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

<FT) 

<K-FT> 

(KIPS) 

(SQIN) 

•  73 

1 

-30.28 

25.08 

TOP 

♦  72 

3*23 

1 

9*84 

24.51 

BOT 

MIN 

5.75 

1 

22.23 

23.95 

BOT 

♦  34 

8.25 

1 

8.84 

23.39 

BOT 

MIN 

10.75 

1 

-28.38 

22.83 

TOP 

.68 

MEMBER  NUMBER  21 

< - 

—CONTROLLING- 

- > 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT)' 

<K-FT) 

(KIPS) 

(SQIN) 

.75 

1 

-29.70 

24.50 

TOP 

.70 

3.25 

1 

3.47 

24,50 

BOT 

MIN 

5.75 

1 

14,52 

24.50 

BOT 

MIN 

8.25 

1 

3.47 

24.50 

BOT 

MIN 

10.75 

1 

-29.70 

24.50 

TOP 

.70 

00  YOU  WANT  DESIGN  MEMBER  LOAD/FORCE  DATA  OUTPUT? 

J>H 

WHICH  MEMBER  LOAD/FORCE  DATA  ARE  DESIRED  FOR  LOAD  CASE  1? 

ENTER  LIST  OR  RANGE  OF  MEMBER  NUMBERSf  OR  'ALL'f  OR  ' NONE ' f  OR  'HELP' 


BIO 


DESIGN  MENDER  LOAD/FORCE  DATA*  LOAD  CASE  1 

DESIGN  USING  WORKING  STRESS  DESIGN  PROCEDURE*  AND 
SHEAR  DESIGN  OPTION  2 


DESIGN  LOAD/FORCE 

DATA  FOR  MEMBER 

1 

DXST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

3.88 

47.73 

-22.33 

29.12 

.75 

3.88 

32.07 

-IP. 42 

29.12 

3.25 

3.88 

-4.33 

-9.71 

29.12 

5.75 

3.88 

-16.47 

-.00 

29.12 

B.2S 

3.88 

-4.33 

9.71 

29.12 

10.75 

3.88 

32.07 

19.42 

29.12 

11.50 

3.88 

47.73 

22.33 

29.12 

DESIGN  LOAD/PORCE 

DATA  FOR  MEMBER 

11 

DIST  FROM 

LATERAL 

BE^MDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

-4.84 

-48.02 

25.45 

25.24 

.75 

-4.75 

-30.28 

21.86 

25.08 

3.25 

-4.44 

9.84 

10.37 

24.51 

5.75 

-4.13 

22.23 

-.33 

23.95 

8.25 

-3.81 

8.84 

-10.25 

23.39 

10.75 

-3.50 

-28.38* 

-19.39 

22.83 

11.50 

-3.41 

-43.90 

-21.98 

22.66 

DESIGN  LOAD/FORCE 

DATA  FOR  MEMBER 

12 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

4.84 

48.02 

-25.45 

25.24 

.75 

4.75 

30.28 

-21.86 

25.08 

3.25 

4.44 

-9.84 

-10.37 

24.51 

5.75 

4.13 

-22.23 

.33 

23.95 

8.25 

3.81 

-8.84 

10.25 

23.39 

10.75 

3.50 

28.38 

19.39 

22.83 

11.50 

3.41 

43.90 

21.98 

22.66 

DESIGN  LOAD/FORCE 

DATA  FOR  MEMBER 

21 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

-3.54 

-43.96 

20.34 

24.50 

.75 

-3.54 

-29.70 

17.69 

24.50 

3.25 

-3.54 

3.47 

8.84 

24.50 

5.75 

-3.54 

14.52 

.00 

24.50 

8.25 

-3.54 

3.47 

-8.84 

14.50 

10.75 

-3.54 

-29.70 

-17.69 

24.50 

11.50 

-3.54 

-43.96 

-20.34 

24.50 

OUTPUT  COMPLETE. 

DO  YOU  WANT  TO  EDIT  INPUT  DATA  FOR  THE  PRECEDING  PROBLEM f 
ENTER  'YES'  OR  'NO' 

l>w 
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DO  YOU  WANT  A  LISTING  OF  CURRENT  INPUT  DATA? 
ENTER  'YES'  OR  'NO' 


FOLLOWING  ARE  IDENTIFIERS  FOR  SECTIONS  OF  INPUT  DATA 


SECTION  ID  SECTION  CONTENTS 

A . HEADING 

B . hODEr  METHOD 

C . MATERIAL  PROPERTIES 

D . GEOMETRY 

E . LOAD  DATA 

F . INTERNAL  WATER  DATA 

6 . MEMBER  DATA  FOR  INVESTIGATION 


ENTER  ID  FOR  DATA  SECTION  TO  BE  CHANGED 
OR  'NONE'  IF  NO  SECTION  TO  BE  CHANGED 


ENTER  NUMBER  OF  HEADER  LINES  ( 1  TO  4 ) 

I  >4 

ENTER  HEADER  LINE  1  (72  CHARACTERS  MAXIMUM) 

I > design  of  one  cell  culvert 

ENTER  HEADER  LINE  2  (72  CHARACTERS  MAXIMUM) 
I>workiria  stress  desian  procedure 

ENTER  HEADER  LINE  3  (72  CHARACTERS  MAXIMUM) 

I > shear  design  with  combination  of  ui440  and  aci63 
ENTER  HEADER  LINE  4  (72  CHARACTERS  MAXIMUM) 
I>one  load  case  —  1*5  to  *5  loadinfl 

DO  YOU  WANT  TO  CHANGE  ANOTHER  SECTION? 

ENTER  'YES'  OR  'NO' 

I>« 

ENTER  ID  FOR  DATA  SECTION  TO  BE  CHANGED 
OR  'NONE'  IF  NO  SECTION  TO  BE  CHANGED 

I>e 


B12 


FOLLOWING  PARTS  OF  LOAH  DATA 
MAY  HE  CHANGED  INDIVIDUALLY: 


PART  NO  CONTENTS 

1  . SOIL  DATA 

2  . STANDARD  LOAD  CASE  DATA 

3  . FOUNDATION  REACTION  COEFFICIENTS 

4  . LOAD  FACTORS  FOR  ACI  STRENGTH  DESIGN  METHOD 

5  . SPECIAL  LOAD  CASE  DATA 


ENTER  PART  NUMBER  FOR  PART  TO  BE  CHANGED 
OR  'ALL'  TO  CHANGE  ENTIRE  SECTION 
OR  'NONE'  IF  NO  PART  TO  BE  CHANGED 

I>2 

ENTER  NUMBER  OF  STANDARD  LOAD  CASES  <1  TO  4) 

I>1 

ENTER  GROUND  WATER  UNIT  WEIGHT  (PCF) 

I>62.5 

ENTER  1  LINES  OF  STANDARD  LOAD  CASE  DATA.  ONE  LINE  AT  A  TIME. 


PRESSURE  COEFFICIENTS 
VERTICAL  HORIZONTAL 


SURFACE 

SURCHARGE 

(PSF) 


GROUND  WATER 
ELEVATION 
(FT) 


DO  YOU  WANT  TO  CHANGE  ANOTHER  PART  OF 
LOAD  DATA'?  ENTER  'YES'  OR  'NO' 

I>ri 

DO  YOU  WANT  TO  CHANGE  ANOTHER  SECTION? 

ENTER  'YES'  OR  'NO' 

I>ri 

DO  YOU  WANT  INPUT  DATA  SAVED  IN  A  FILE?  ENTER  'YES'  OR  'NO' 

I  >n 

DO  YOU  WANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL^  TO  A  FILEf  TO  BOTHf  OR  NEITHER? 

ENTER  'TERMINAL' f  'FILE'f  'BOTH'f  OR  'NEITHER' 

I>t 
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rf*OGK»‘ih  COfilCUL  rTSlGN/I.’K'LSTlGf'^TlON  or  UFaHQOONnL  CULVCFsTS 
date:  08/22/QO  llhE:  07J00;i8 

1.  INPUT  DATA 

1 .A. --HEADING 

DESIGN  OF  ONE  CELL  CULUEpT 
WORKING  STPESS  DESIGN  PROCEDURE 

SHEAR  DESIGN  WITH  COhDINATION  OF  UIAAO  AND  ACI63 
ONE  LOAD  CASE  —  TO  *5  LOADING 


l.D.--liODE  AND  t-ROCEDURE 

DESIGN  USING  WORKING  STRESS  DESIGN  PROCEDUREr  AND 
SHEAR  DESIGN  OPTION  2 


1 .C. --MATERIAL  PROPERTIES 


concrete: 

ULTIMATE  strength 
WORKING  STRESS 
MODULUS  OF  ELASTICiry  = 
UNIT  WEIGHT 


4000.  <F-SI) 

1800.  (RSI) 

S.CE-FO^  (PSD 


150. 


(RCF) 


reinforcement: 

YIELD  strength 
WORKING  STRESS 


=  40000. 

=  20000. 


MODULUS  OF  ELASTICITY  = 


29.EP06 


(RSI) 

(PSD 

(RSI) 


MODULAR  RATIO  ( ES/EC ) 


7.563 


1  .D,— GEOMETRY 

NO  OF  CELL  haunch  INVERT  CELL 

CELLS  height  WIDTH  ELEV  WIDTH 

(FT)  (IN)  (FT)  (FT) 

1  10.00  0.00  0.00  10.00 


REINFORCEMENT  COVER  <IN>: 
EXTERIOR  SURFACES  =  4.00 

INTERIOR  ROOF/END  WALLS  =4.00 
INTERIOR  RASE  SLAD  =  4.00 


MINIMUM  THICKNESS  (IN) 
ROOF  SLAD  =  12.00 
EXTERIOR  WALLS  =  12.00 
BASE  SLAB  ^  12.00 


MAXIMUM  REINF  AREA  (SQIN>; 
ROOF  SLAB  =  2.00 

EXTERIOR  WALLS  =  2.00 
BASE  SLAB  =  2.00 
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,E. — tOAti  1‘ATA 

1  .E.l  .-'STANDAftli  LOAI*  CASES 


SOIL 

layer 

HO 

1 


data: 

ELEV  AT 
TOP  OP  LAYER 
(PT) 
38»00 


SATUPATEU 
UNIT  UEIGHT 
(FCF) 
125.00 


HOIST 

UNIT  UEIGHT 
( r  CF ) 
125.00 


STANDARD  LOAD  CASE  DATA 
water  UNIT  WEIGHT  = 


62.5  (VCF) 


LOAD 

CASE 

1 


PRESSURE  COEFFICIENTS 
VERTICAL  HORIZONTAL 

1.50  *50 


surface 

SURCi^AFvGE 

irsF) 

0.00 


GROUND  water 
elevation 
CFT) 

-1000.00 


foundation  REACTION  COEFFICIENTS. 
OUTER  EDGES  =1.00 
CENTERLINE  =  1*00 


1 .E.2--SFECIAL  LOAD  CASES 
NO  SPECIAL  LOAD  CASES 


1,E.A--INTERNAL  WATER  DATA 
NO  INTERNAL  WATER 
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SCHErtATJC  OF  culoert: 


21--* 


12 


-1— * 


LOCAL  COOr<DINATE  SYSTEMS; 

HORIZONTAL  MEMBERS;  ORIGIN  AT  LEFT  END#  X-AXIS  TO  RIGHT,  Y-AXIS  UR 
UERTICAL  MEMBERS  ;  ORIGIN  AT  BOTTOM#  X-AXIS  UR#  Y-AXIS  TO  LEFT 

SIGN  conventions: 

POSITIVE  LATERAL  LOAD  ACTS  IN  PLUS  Y  DIRECTION 
POSITIVE  BENDING  MOMENT  PRODUCES  COMPRESSION 
ON  PLUS  Y  FACE  OF  MEMBER 

POSITIVE  SHEAR  TENDS  TO  MOVE  MEMBER  IN  PLUS  Y  DIRECTION 
POSITIVE  AXIAL  LOAD  ACTS  IN  PLUS  X  DIRECTION 
POSITIVE  AXIAL  INTERNAL  FORCE  IS  COMPRESSION 


INPUT  SEQUENCE  COMPLETE* 

DO  YOU  WANT  TO  CONTINUE  SOLUTION?  ENTER  ' YES ^  OR  'NO' 

DO  YOU  WANT  RESULTS  PRINTED  AT  YOUR  TERMINAL# 

WRITTEN  TO  A  FILE,  OR  DOTH? 

ENTER  'TERMINAL'#  'FILE'#  OR  'BOTH' 
t 

SOLUTION  COMPLETE 


*  — 
r 

j 

11 

I 

*  — 
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PROGRAM  CORTCUL  -  DESIGN/INVESTIGATION  OF  ORTHOGONAL  CULV^ERTS 
date:  08/22/80  TIME:  07:00:49 

2.— DESIGN  RESULTS 

2. A. --HEADING 

DESIGN  OF  ONE  CELL  CULVERT 
WORKING  STRESS  DESIGN  PROCEDURE 

SHEAR  DESIGN  WITH  COMDINATION  OF  UIA40  AND  ACI63 
ONE  LOAD  CASE  --  1*5  TO  *5  LOADING 


2. B.— DESIGN  THICKNESSES 

DESIGN  USING  WORKING  STRESS  DESIGN  PROCEDURE*  AND 
SHEAR  DESIGN  OPTION  2 


DESIGN 

THICKNESS 

(IN) 

ROOF  SLAB  :  19* 

EXTERIOR  walls:  16. 

BASE  SLAB  :  19. 


LOAD 

--CONTROLLING- 

STRESS 

“  -  -  -  —  > 

CASE 

CONDITION 

MEMBER 

1 

SHEAR 

21 

1 

SHEAR 

11 

1 

SHEAR 

1 

CONCRETE  AREA  IN  CROSS  SECTION  *  66.78  (SOFT) 


2.C.— DESIGN  REINFORCEMENT  DATA  FOR  LEFT  HALF  OF  SYSTEM 
DESIGN  USING  WORKING  STRESS  DESIGN  PROCEDURE*  AND 
SHEAR  DESIGN  OPTION  2 


MEMBER  NUMBER  1 

< - CONTROLLING 


DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT> 

(KIPS) 

(SQZN 

.67 

1 

20.13 

14.85 

BOT 

.44 

3.17 

1 

-31.49 

14.85 

TOP 

.97 

5.67 

1 

-48.70 

14.85 

TOP 

1.79 

8*17 

1 

-31.49 

14.85 

TOP 

,97 

10.67 

1 

20.13 

14.85 

BOT 

.44 
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HEHBCR  NUnBER  11 


-CONTROLLING- 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

<K-FT) 

(KIPS) 

(SQIN 

,79 

1 

-29.79 

34.72 

TOP 

.64 

3,29 

1 

-9,52 

34.22 

TOP 

MIN 

5.79 

1 

-3.13 

33.72 

TOP 

MIN 

8.29 

1 

-9.62 

33.22 

TOP 

MIN 

10.79 

1 

-28.03 

32.72 

TOP 

.59 

MEMBER  NUMBER  21 

DIST  FROM 

LOAD 

--CONTROLLING- 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

.67 

1 

(K-FT) 

-18.36 

(KIPS) 

12.31 

TOP 

(SQIN 

.43 

3.17 

1 

30.30 

12.31 

BOT 

.  99 

5.67 

1 

46.52 

12.31 

BOT 

1.75 

8.17 

1 

30.30 

12.31 

BOT 

.  99 

10.67 

1 

-18.36 

12.31 

TOP 

.43 

DO  YOU  UANT  DESIGN  MEHBCR  LOAD/FORCE  DATA  OUTPUT? 

ENTER  'YES'  OR  'NO' 

i>n 

OUTPUT  COMPLETE, 

DO  YOU  WANT  TO  EDIT  INPUT  DATA  FOR  THE  PRECEDING  PROBLEM? 
ENTER  'YES'  OR  'NO' 

I>n 

DO  YOU  WANT  TO  MAKE  ANOTHER  RUN?  ENTER  'YES'  OR  'NO' 

I>n 


NORMAL  TERMINATION 
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PROoR^h  COKICUL  riESIGN/INVCSTlGATION  OF  ORTHOGONAL  CULVERTS 
hate:  08/22/80  TIME:  07:56:53 


ARE  INPUT  DATA  TO  PE  READ  FROM  TERMINAL  OR  FILE? 

ENTER  'TERMINAL'  OR  'FILE' 

I>f 

ENTER  INPUT  FILE  NAME  (6  CHARACTERS  MAXIMUM) 

I>clw<12 

INPUT  COMPLETE,  NO  ERRORS  DETECTED, 

DO  YOU  WANT  TO  EDIT  INPUT  DATA?  ENTER  'YES'  OR  'NO' 

i:n 

DO  YOU  WANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL^  TO  A  FILE*  TO  DOTH,  OR  NEITHER? 

ENTER  'TERMINAL'*  'FILE'*  'BOTH'*  OR  'NEITHER' 

I>f 

ENTER  OUTPUT  FILE  NAME  (6  CHARACTERS  MAXIMUM) 

I>clwd20 

INPUT  SEQUENCE  COMPLETE, 

DO  YOU  WANT  TO  CONTINUE  SOLUTION?  ENTER  'YES'  OR  'NO' 

I>hr 

DO  YOU  WANT  RESULTS  PRINTED  AT  YOUR  TERMINAL* 

WRITTEN  TO  FILE  'ClUD20'f  OR  BOTH? 

ENTER  'TERMINAL'*  'FILE'*  OR  'BOTH' 

I>f 

SOLUTION  COMPLETE 

DO  YOU  WANT  DESIGN  MEMBER  LOAD/FORCE  DATA  OUTPUT? 

ENTER  'YES'  OR  'NO' 

I>v 

MEMBER  LOAD/FORCE  DATA  ARE  AVAILABLE  FOR  2  LOAD  CASES 
ENTER  DESIRED  LOAD  CASE  NUMBER  <1  TO  2)  OR  'ALL'  OR  'NONE' 

1>8 

WHICH  MEMBER  LOAD/FORCE  DATA  ARE  DESIRED  FOR  LOAD  CASE  1? 

ENTER  LIST  OR  RANGE  OF  MEMBER  NUMBERS*  OR  'ALL'*  OR  'NONE'*  OR  'HELP 
I>1  11  21 

DO  YOU  WANT  LOAD/FORCE  DATA  FOR  OTHER  MEMBERS  FOR  LOAD  CASE  1? 

ENTER  'YES'  OR  'NO' 

I>n 

WHICH  MEMBER  LOAD/FORCE  DATA  ARE  DESIRED  FOR  LOAD  CASE  2? 

ENTER  LIST  OR  RANGE  OF  MEMBER  NUMBERS*  OR  'ALL'*  OR  'NONE'*  OR  'HELP 
I>1  11  21 

DO  YOU  WANT  LOAD/FORCE  DATA  FOR  OTHER  MEMBERS  FOR  LOAD  CASE  2? 

ENTER  'YES'  OR  'NO' 

I>n 

OUTPUT  COMPLETE, 

DO  YOU  WANT  TO  EDIT  INPUT  DATA  FOR  THE  PRECEDING  PROBLEM? 

ENTER  'YES'  OR  'NO' 

I>ri 

DO  YOU  WANT  TO  MAKE  ANOTHER  RUN?  ENTER  'YES'  OR  'NO' 

I>n 


«»««»«»*«»  NORMAL  TERMINATION 
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LISTING  OF  DATA  FILE  'C1WD2" 


1000  4  DESIGN  OF  ONE  CELL  CULVERT 
1010  WORKING  STRESS  HESIDN  PROCEDURE 

1020  SHEAR  DESIGN  WITH  COMDINATION  OF  UI440  AND  ACI63 
1030  TWO  LOAD  CASES  —  CASE  1  «  1  TO  1 »  CASE  2  *  1.5  TO  .5 
1040  D  USD  2 
1050  4000.  40000.  150. 

1060  1  10.  0.  0.  10. 

1070  4.  4.  4. 

1080  12.  12.  12. 

1090  2.  2.  2. 

1100  1 

1110  38.  125.  125. 

1120  2  62.5 

1130  1.  1.  0.  -1000. 

1140  1.5  .5  0.  -1000. 

1150  1.  1. 
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IROGRAH  CORIL’UL  HESl  GN/ I  NV^IST  I  GAT  1  UN  OF  ORTHOGONAL  CULVERTS 
1*ATE:  08/22/80  TIME:  0/:57:36 

1.  INPUT  DATA 

1 .A*--HEADING 

DESIGN  OF  ONE  CELL  CULVERT 
WORKING  STRESS  DESIGN  PROCEDURE 

SHEAR  DESIGN  WITH  COHDINATION  OF  UI440  AND  ACI63 
TWO  LOAD  CASES  --  CASE  1  »  1  TO  I »  CASE  2  =  1.5  TO  .5 


l.D.--hODE  AND  PROCEDURE 

DESIGN  USING  WORKING  STRESS  DESIGN  PROCEDUREf  AND 
SHEAR  DESIGN  OPTION  2 


1 .C. --MATERIAL  PROPERTIES 


concrete: 

ultimate  STRENGTH  *  4000.  (PSD 
WORKING  STRESS  «  1800.  (PSD 
MODULUS  OF  ELASTICITY  »  3.aE+06  (PSD 
UNIT  WEIGHT  *=  150,  (PCF) 

reinforcement; 

YIELD  strength  =  40000.  (PSD 
working  STRESS  =  20000,  (PSD 
MODULUS  OF  elasticity  *  29.E+06  (PSD 


MODULAR  RATIO  (ES/EC)  »  7,563 


l.D. --GEOMETRY 

NO  OF  CELL  HAUNCH  INVERT  CELL 

CELLS  HEIGHT  WIDTH  ELEV  WIDTH 

(FT)  (IN)  (FT)  (FT) 

1  10.00  0.00  0.00  10,00 


REINFORCEMENT  COVER  (IN):  MINIMUM  THICKNESS  (IN) 
EXTERIOR  SURFACES  *4,00  ROOF  SLAD  »  12.00 
INTERIOR  ROOF/END  WALLS  *  4.00  EXTERIOR  WAL^S  ^  12.00 
INTERIOR  DASE  SLAD  «  4.00  DASE  SLAD  *  12.00 


MAXIMUM  REINF  AREA  (SQIN): 
ROOF  SLAD  >2.00 

EXTERIOR  WALLS  >  2.00 
DASE  SLAD  >2.00 


E,~-LOAr»  VAT  A 


l.E.l. '-STANDARD  LOAD  CASES 


SOIL  data; 

ELEV  AT 

LAYER  TOP  OF  LAYER 
NO  <FT> 

1  38,00 


SATURATED  MOIST 

UNIT  WEIGHT  UNIT  WEIGHT 
<PCF)  <PCF> 

125.00  125.00 


STANDARD  LOAD  CASE  DATA 

WATER  UNIT  WEIGHT  »  62.5  (PCF) 


LOAD 

PRESSURE 

COEFFICIENTS 

SURFACE 

GROUND  WATER 

CASE 

VERTICAL 

HORIZONTAL 

SURCHARGE 

ELEVATION 

(PSF) 

(FT) 

1 

1.00 

1.00 

0.00 

-1000.00 

2 

1.50 

•  50 

0.00 

-1000.00 

FOUNDATION  REACTION  COEFFICIENTS: 
OUTER  EDGES  «  1 . 00 
CENTERLINE  «  1.00 


1  ,E.2--SFECIAL  load  CASES 
NO  SPECIAL  LOAD  CASES 


1 .E. ^--internal  water  data 

NO  INTERNAL  WATER 
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SCHEHATIC  OF  CULVERT 


21— « 
(  f 

!  I 

11  12 

!  I 

!  I 

* - 1— * 


LOCAL  COORDINATE  SYSTEMS*. 

HORIZONTAL  MEMBERS:  ORIGIN  AT  LEFT  END*  X*AX1S  TO  RIGHTf  Y-AXIS  UP 
VERTICAL  MEMBERS  ;  ORIGIN  AT  BOTTOM*  X-AXIS  UP*  Y-AXIS  TO  LEFT 

SIGN  conventions: 

POSITIVE  LATERAL  LOAD  ACTS  IN  PLUS  Y  DIRECTION 
POSITIVE  BENDING  MOMENT  PRODUCES  COMPRESSION 
ON  PLUS  Y  FACE  OF  MEMBER 

POSITIVE  SHEAR  TENDS  TO  MOVE  MEMBER  IN  PLUS  Y  DIRECTION 
POSITIVE  AXIAL  LOAD  ACTS  IN  PLUS  X  DIRECTION 
POSITIVE  AXIAL  INTERNAL  FORCE  IS  COMPRESSION 
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PROGRAM  CORTCUL  •  DESIGN/INVESTICATION  OF  ORTHOGONAL  CULVERTS 
DATES  08/22/80  TIMES  07:57  SSI 

2.>-DESlGN  RESULTS 

2.A.->HEA01N6 

DESIGN  OF  ONE  CELL  CULVERT 
WORKING  STRESS  DESIGN  PROCEDURE 

SHEAR  DESIGN  WITH  COMBINATION  OF  UI440  AND  ACI63 
TWO  LOAD  CASES  CASE  I  =»  1  TO  1  r  CASE  2  =  1.5  TO  .5 


2. B.— DESIGN  THICKNESSES 

DESIGN  USING  WORKING  STRESS  DESIGN  PROCEDUREf  AND 
SHEAR  DESIGN  OPTION  2 


DESIGN 

< - 

--CONTROLLING- 

THICKNESS 

LOAD 

STRESS 

(IN) 

CASE 

CONDITION 

MEMBER 

ROOF  SLAB  S 

19. 

2 

SHEAR 

21 

EXTERIOR  walls: 

18. 

1 

SHEAR 

11 

BASE  SLAB  S 

19. 

2 

SHEAR 

1 

CONCRETE  AREA  IN  CROSS  SECTION  » 


71.17  (SOFT) 


2.C.— DESIGN  REINFORCEMENT  DATA  FOR  LEFT  HALF  OF  SYSTEM 
DESIGN  USING  WORKING  STRESS  DESIGN  PROCEDUREf  AND 
SHEAR  DESIGN  OPTION  2 


MEMBER  NUMBER  1 

< - CONTROLLING - > 


DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

CK-FT) 

(KIPS) 

(SQIN 

.75 

1 

32*65 

29.53 

BOT 

.61 

3*25 

2 

-29*94 

14*89 

TOP 

.90 

5.75 

2 

-47.25 

14.89 

TOP 

1.72 

8*25 

2 

-29*94 

14.89 

TOP 

.90 

10*75 

1 

32.65 

29.53 

BOT 

*61 
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HEHBCR  NUMBER  11 


—CONTROLLING- 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT) 

(KIPS) 

(SQIN 

.79 

1 

-29.96 

25.08 

TOP 

.70 

3.29 

2 

-13.64 

35.25 

TOP 

MIN 

1 

10.14 

24,52 

BOT 

MIN 

5.79 

2 

-7.14 

34.69 

TOP 

MIN 

1 

22.50 

23.95 

BOT 

.36 

8.29 

2 

-13.54 

34.12 

TOP 

MIN 

1 

9.09 

23.39 

BOT 

MIN 

10.79 

1 

-28.16 

22.83 

TOP 

.67 

MEMBER  NUMBER  21 

•  — uuiyf  KuL-Lirfo  — 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT) 

(KIPS) 

(SQIN 

.75 

1 

-30.28 

24.79 

TOP 

.63 

3.25 

2 

28.68 

12.27 

BOT 

.91 

5.75 

2 

44.90 

12.27 

BOT 

1.68 

8.25 

2 

28.68 

12.27 

BOT 

.91 

10.75 

1 

-30.28 

24.79 

TOP 

.63 

} 
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3.— DESIGN  HEHBER  LOAD/FORCE  DATA»  LOAD  CASE  1 

DESIGN  USING  WORKING  STRESS  DESIGN  PROCCDUREf  AND 
SHEAR  DESIGN  OPTION  2 


DESIGN  LOAD/FORCE 

DATA  FOR  HEHBER 

1 

DIST  FROH 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

HQHENT 

SHEAR 

FORCE 

(FT) 

<KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

3.89 

48.31 

-22.34 

29.53 

.75 

3.89 

32.65 

-19.43 

29.53 

3.25 

3.89 

-3.78 

-9.71 

29.53 

5.75 

3.89 

-15.92 

.00 

29.53 

8.25 

3.89 

-3.78 

9.71 

29.53 

10.75 

3.89 

32.65 

19.43 

29.53 

11.50 

3.89 

48.31 

22.34 

29.53 

DESIGN  LOAD/FORCE 

DATA  FOR  HEHBER 

11^ 

DIST  FROH 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

HOHENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS ) 

0.00 

-4.85 

-48.76 

25.65 

25.26 

.79 

-4.75 

-29.96 

21.85 

25.08 

3.29 

-4.44 

10.14 

10.36 

24.52 

5.79 

-4.13 

22.50 

-.34 

23.95 

8.29 

-3.81 

9.09 

-10.26 

23.39 

10.79 

-3.50 

-28.16 

-19.40 

22.83 

11.58 

-3.40 

-44.60 

-22.13 

22.65 

DESIGN  LOAD/FORCE 

DATA  FOR  HEHBER 

21 

GIST  FROH 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

HOHENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

-3.54 

-44.55 

20.35 

24,79 

.75 

-3.54 

-30.28 

17.70 

24.79 

3.25 

-3.54 

2.90 

8.85 

24,79 

5.75 

-3.54 

13.96 

-.00 

24 , 79 

8.25 

-3.54 

2.90 

-8.85 

24.79 

10.75 

-3.54 

-30.28 

-17.70 

24.79 

11.50 

-3.54 

-44.55 

-20.35 

24 . 79 
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3.--DES16N  MEMBER 

LOAD/FORCE  DATA 

f  LOAD  CASE  2 

DESIGN  USING 

WORKING  STRESS 

DESIGN 

PROCEDURE.  AND 

SHEAR  DESIGN 

OPTION  2 

DESIGN  LOAD/FORCe 

DATA  FOR  member 

1 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

5.54 

44.28 

-31.84 

14.89 

.75 

5.54 

21.96 

-27,68 

14.8? 

3.25 

5.54 

-29.94 

-13,84 

14.89 

5.75 

5.54 

-47.25 

-.00 

14,89 

8.25 

5.54 

-29.94 

13.84 

14.89 

10.75 

5.54 

21.96 

27.68 

14.89 

11.50 

5.54 

44.28 

31.84 

14.89 

DESIGN  LOAD/FORCE 

DATA  FOR  MEMBER 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

<K-FT) 

(KIPS) 

(KIPS) 

0.00 

-2.42 

-43.50 

12.95 

35.99 

.79 

-2.38 

-34.00 

11.05 

35.81 

3.29 

-2.22 

-13.64 

5.31 

35.25 

5.79 

-2.0A 

-7.14 

-.05 

34.69 

8.29 

-1.91 

-13.54 

-5.01 

34.12 

10.79 

-1.75 

-31.85 

-9.58 

33.56 

11.58 

-1.70 

-39.97 

-10.94 

33.38 

DESIGN  LOAD/FORCE 

DATA  FOR  MEMBER 

21 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

<K-FT) 

(KIPS) 

(KIPS) 

0.00 

-5.19 

-40.91 

29.85 

12.27 

.75 

-5.19 

-19.98 

25.95 

12.27 

3.25 

-5.19 

28.68 

12.98 

12.27 

5.75 

-5.19 

44.90 

.00 

12.27 

8.25 

-5.19 

28.68 

-12.98 

12.27 

10.75 

-5.19 

-19.98 

-25.95 

12.27 

11.50 

-5.19 

-40.91 

-29.85 

12.27 
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SIX  CKLL  CULVKRT  DHSIGN 


BY  ACI  STRl-:NG'ni  IjKSIGN  PROCKDURK 


1 
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fROGRAM  L'OKICUL  I»ES  I GN/ 1  NftST  I GA  TJ  ON  Of  ORTHOGONAL  CULOLKTS 

hate:  08/22/00  time:  i2:o9:36 


AKE  INPUT  HATA  TO  HE  READ  FROM  TERMINAL  OR  FILE? 

ENTER  'TERMINAL'  OR  'FILE' 

If 

ENTER  INPUT  FILE  NAME  (6  CHARACTERS  MAXIMUM) 

I.'  c6s,cixri 

INPUT  COMPLETE.  NO  ERRORS  DETECTED. 

DO  YOU  WANT  TO  EDIT  INPUT  DATA?  ENTER  'YES'  OR  'NO' 

I .  ri 

DO  YOU  WANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL^  TO  A  FILE»  TO  DOTHr  OR  NEITHER? 

ENTER  'TERMINAL' f  'FILE'r  'DOTH'r  OR  'NEITHER' 

If 

ENTER  OUTPUT  FILE  NAME  <6  CHARACTERS  MAXIMUM) 

1.  cAsdot 

INPUT  SEQUENCE  COMPLETE. 

DO  YOU  WANT  TO  CONTINUE  SOLUTION?  ENTER  'YES'  OR  'NO' 

I  >« 

DO  YOU  WANT  RESULTS  PRINTED  AT  YOUR  TERMINALf 
WRITTEN  TO  FILE  'C6SD0T'f  OR  DOTH*? 

ENTER  'TERMINAL'!  'FILE'»  OR  'BOTH' 

I :  f 

SOLUTION  COMPLETE 

DO  YOU  WANT  DESIbN  MEhDER  LOAD/FORCE  DATA  OUTPUT? 

ENTER  'YES'  OR  'NO' 

I  ■  ^ 

MEMBER  LOAD/FORCE  DATA  AF<E  AUAILADLE  FOR  2  LOAD  CASES 
ENTER  DESIRED  LOAD  CASE  NUMBER  <1  TO  2)  OR  'ALL'  OR  'NONE' 

I  a 

WHICH  MEMBER  LOAD/FORCE  DATA  ARE  DESIRED  FOR  LOAD  CASE  1? 

ENTER  LIST  OR  RANGE  OF  MEMBER  NUMBERS^  OR  ' ALL ' f  OR  ' NONE ' »  OR  'HELP 
I>1  2  3  11  21  22  23 

DO  YOU  WANT  LOAD/FORCE  DATA  FOR  OTHER  MEMBERS  FOR  LOAD  CASE  1'? 

ENTER  'YES'  OR  'NO' 

I  >  n 

WHICH  MEMBER  LOAD/FORCE  DATA  ARE  DESIRED  FOR  LOAD  CASE  2^ 

ENTER  LIST  DR  RANGE  OF  MEMBER  NUMBERSr  OR  'ALL'f  OR  'NONE'!  OR  'HELP 

II  2  3  11  21  22  23 

DO  YOU  WANT  LOAD/FORCE  DATA  FOR  OTHER  MEMBERS  FOR  LOAD  CASE  2^ 

ENTER  'YES'  OR  'NO' 

I  n 

OUTPUT  COMPLETE. 

DO  YOU  WANT  TO  EDIT  INPUT  DATA  FOR  THE  PRECEDING  PROBLEM? 

ENTER  'YES'  OR  'NO' 

In 

DO  YOU  WANT  TO  MAKE  ANOTHER  RUN?  ENTER  'YES'  OR  'NO' 

I  >n 


**♦**♦*♦#♦  NORMAL  TERMINATION  ***#*)»:#*♦* 
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llbUNG  or  imUT  t»AlA  HLE  'C^GblN' 


1000  4  tPF  SIX  cn  L  Cm.OfRT 

1010  on  SHv-fwofM  ulsign 

10:?0  GHFOR  LiFSKiN  h'(  AC  1  rKOCLIiURE 

lOiO  ruo  I  OAO  CAbf.S  --  CASE  1  =  1  TO  If  CASE  2  =  1.5  10  .5 

10  40  D  Sti  1 

1050  :<000  40000  150  .45  0 
10;0  A  A  0  '  4  A 
10/0  3330 
lOBO  V  9  9  9 
1100  ./9  ./9  .79  .79 
1110  1 

1120  21  125  125 
1130  2  A4 
1140  1109 
n:»0  1.5  .5  0  9 

11  AO  1  1 
11/0  1  I 
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PROGRAM  CORTCUL 

date:  08/22/80 


design/investigation  of  orthogonal  culverts 

TIME ;  12:10:14 


1.  INPUT  DATA 
1 , A* --HEADING 

DESIGN  OF  SIX  CELL  CULVERT 
ACI  STRENGTH  DESIGN  PROCEDURE 
SHEAR  DESIGN  BY  ACI  PROCEDURE 

TUO  LOAD  CASES  --  CASE  I  =  1  TO  1 r  CASE  2  »  1.3  TO  .5 


I.B.--MODE  AND  PROCEDURE 

DESIGN  USING  ACI  STRENGTH  DESIGN  PROCEDURE*  AND 
SHEAR  DESIGN  OPTION  1 


l.C. --MATERIAL  PROPERTIES 
CONCRETE: 


ULTIMATE  STRENGTH 

=  3000. 

(PSI  ) 

ULTIMATE  STRAIN 

=  .003 

COMP.  BLOCK  RATIO 

a  .85 

UNIT  WEIGHT 

a  150 . 

(  PCF  ) 

reinforcement: 

YIELD  STRENGTH  =  40000.  (PSD 
MODULUS  OF  ELASTICITY  =  29.E+06  (PSD 
MAXIMUM  REINF  RATIO  .45 


STRENGTH  REDUCTION  FACTOR  ^  VARIABLE 


I.D.— GEOMETRY 
NO  OF 

CELL 

HAUNCH 

INVERT 

CELL 

CELLS 

HEIGHT 

WIDTH 

ELEV 

WIDTH 

(FT) 

(  IN) 

(FT) 

(FT  ) 

6 

6.00 

0.00 

-4.00 

6.00 

REINFORCEMENT  COVER  (IN): 

MINIMUM  THICKNESS 

(  IN  ) 

EXTERIOR 

SURFACES 

3.00 

ROOF  SLAB 

9.00 

INTERIOR 

RQOF/END  WALLS  » 

3.00 

EXTERIOR  WALLS  = 

9.00 

INTERIOR 

BASE  SLAB 

3.00 

BASE  SLAB 

9.00 

INTERIOR 

WALLS 

CL 

INTERIOR  WALLS  > 

9.00 

MAXIMUM  REINF  AREA  (SQIN): 
ROOF  SLAB  a  .79 

EXTERIOR  UALLS  -  .79 

BASE  SLAB  a  ,79 

INTERIOR  WALLS  a  ,79 
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E.--LOACI  DATA 


1  .e.  1  .--STA/^t'AFa*  LOAH  CASES 


SOIL  data: 

ELEV  AT 

LAYER  TOP  or  LAYER 
NO  (FT) 

1  21»00 


SATURATED  MOIST 

UNIT  WEIGHT  UNIT  WEIGHT 
<PCr )  (PCD 

125.00  125.00 


STANDARD  LOAD 

CASE  DATA 

WATER  UNIT  WEIGHT  =  64, 

,0  (PCF> 

LOAD 

FRESSURE 

COEFFICIENTS 

SURFACE 

CASE 

VERTICAL 

HORIZONTAL 

SURCHARGE 

<PSF) 

1 

1.00 

1.00 

0.00 

n 

1.50 

.50 

0.00 

GROUND  WATER 
ELEVATION 
(ET  ) 
9.00 
9,00 


rOUNDATIQN  REACTION  COEF P I C 1 ENTS : 
OUTER  EDGES  =1.00 
CENTERLINE  =  1.00 


l.E.2''-£PECIAL  LOAD  CASES 
NO  SPECIAL  LOAD  CASES 


1  .E,Z*--LOAri  EACTOfcS  FOR  ACI  STRENGTH  DESIGN: 
LIVE  LOAD  Factor  =  i.oo 
HEAD  LOAD  Factor  =  i.oo 


1.E.4  —  INTERNAL  WATER  DATA 
NO  INTERNAL  WATER 
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SCHEMATIC  OF  CULVERT 


»- 

I 

j 

11 

1 

I 

*- 


-21--#— 22— *— 23— *— 24— * 
III! 
I  I  >  ! 

12  13  14  15 

!  !  !  f 

!  I  f  I 

-*-1 — » - 2— » - 3—* - 4—* 


-25— ♦-26--* 

I  I 

!  I 

16  17 

!  ! 

I  i 

—5—* - 6--* 


LOCAL  COORDINATE  SYSTEMS: 

HORIZONTAL  MEMDERS:  ORIGIN  AT  LEFT  END*  X-AXIS  TO  RIGHT»  Y-AXIS  UP 
VERTICAL  MEMBERS  :  ORIGIN  AT  BOTTOMr  X-AXIS  UP i  Y-AXIS  TO  LEFT 

SIGN  conventions: 

POSITIVE  LATERAL  LOAD  ACTS  IN  PLUS  Y  DIRECTION 
POSITIVE  BENDING  MOMENT  PRODUCES  COMPRESSION 
ON  PLUS  Y  FACE  OF  MEMBER 

POSITIVE  SHEAR  TENDS  TO  MOVE  MEMBER  IN  PLUS  Y  DIRECTION 
POSITIVE  AXIAL  LOAD  ACTS  IN  PLUS  X  DIRECTION 
POSITIVE  AXIAL  INTERNAL  FORCE  IS  COMPRESSION 
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PROGRAM  CORTCUL  -  DCS  I GN/ I NVEST IGAT I  ON  OF  ORTHOGONAL  CULVERTS 
DATEt  08/22/80  TIME:  I2:i0;27 


2. --DESIGN  RESULTS 
2*A. '-HEADING 

DESIGN  OF  SIX  CELL  CULVERT 
ACI  STRENGTH  DESIGN  PROCEDURE 
SHEAR  DESIGN  BY  ACI  PROCEDURE 

TUO  LOAD  CASES  --  CASE  I  »  I  TO  I f  CASE  2  »  1.5  TO  .5 


2.8. --DESIGN  THICKNESSES 

DESIGN  USING  ACI  STRENGTH  DESIGN  PROCEDURE*  AND 
SHEAR  DESIGN  OPTION  1 


DESIGN  < - CONTROLLING - 

THICKNESS  LOAD  STRESS 

(IN)  CASE  CONDITION  MEMBER 

ROOr  SLAB  :  12.  2  SHEAR  21 

EXTERIOR  walls:  10.  1  SHEAR  11 

BASE  SLAB  :  12*  2  SHEAR  1 

INTERIOR  walls;  9.  < - MINIMUM - . 

CONCRETE  AREA  IN  CROSS  SECTION  »  115.33  (SOFT) 


2.C. — DESIGN  REINFORCEMENT  DATA  FOR  LEFT  HALF  OF  SYSTEM 
DESIGN  USING  ACI  STRENGTH  DESIGN  PROCEDURE*  AND 
SHEAR  DESIGN  OPTION  1 


MEMBER  NUMBER  1 


< - 

•-CONTROLLING- 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

moment 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT> 

(KIPS) 

(SQIN 

.42 

1 

8.80 

12.00 

BOT 

.13 

1.92 

2 

-4.84 

7.59 

TOP 

.05 

3.42 

2 

-7.57 

7.59 

TOP 

.  16 

4.92 

2 

-2.54 

7.59 

TOP 

MIN 

6.42 

2 

10.25 

7.59 

BOT 

.27 
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MEMBER  NUMBER 


-CONTROLLING- 


DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT  ) 

(  MRS  ) 

(SQIN 

.38 

-> 

10.80 

7 .77 

DOT 

.  29 

1.88 

2 

-1 .28 

7.77 

TOP 

MIN 

3.38 

2 

-5.59 

7.77 

TOP 

.07 

4.88 

2 

-2.15 

7.77 

TOP 

MIN 

6.38 

2 

9.07 

7.77 

BOT 

.21 

MEMBER  NUMBER 


-CONTROLLING- 


DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

<K-FT) 

(KIPS) 

(  SQIN 

.38 

o 

9.39 

7.87 

BOT 

.23 

1.88. 

2 

-2.22 

7.87 

TOP 

MIN 

3.38 

2 

-6,07 

7.87 

TOP 

.09 

4.88 

2 

-2.15 

7.87 

TOP 

MIN 

6.38 

2 

9.54 

7.87 

BOT 

.  23 

MEMBER  NUMBER  11 


-CONTROLLING- 


DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT) 

(KIPS) 

(SQIN 

.50 

1 

-7,73 

10.01 

TOP 

.  20 

2.00 

2 

-.72 

12.21 

TOP 

MIN 

1 

2.04 

9.82 

BOT 

MIN 

3.50 

1 

5.20 

9.63 

BOT 

.07 

5.00 

2 

-.45 

11.84 

TOP 

MIN 

1 

2.17 

9.45 

BOT 

MIN 

6.50 

1 

-6.63 

9.26 

TOP 

.  16 

:r  number  12 

< - 

--CONTROLLING 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT  > 

(KIPS) 

(Sqin: 

.50 

2 

-.29 

24.29 

TOP 

MIN 

2.00 

2 

-  .02 

24.12 

TOP 

MIN 

3.50 

1 

-.10 

16.19 

TOP 

MIN 

o 

.25 

23,95 

BIT 

MIN 

5,00 

2 

.52 

23,78 

BOT 

MIN 

6.50 

2 

.  79 

23.62 

BOT 

MIN 
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nenscR  nuhber 


< - 

•-controlling- 

- - - -  > 

DIST  FROM 

LOAO 

BENDING 

AXIAL 

reinforcenemt 

lift  end 

CASE 

HOMENT 

FORCE 

LOCATION 

area 

(FT) 

(K-FT) 

<KIFS) 

(SQIN 

.50 

2 

-.37 

22  *  92 

TOP 

MIN 

2.00 

2 

-.21 

22.75 

TOP 

MIN 

3.50 

2 

-.05 

22.58 

TOP 

MIN 

1 

.02 

16.64 

BOT 

MIN 

5.00 

o 

.10 

22.41 

DOT 

MIN 

6.50 

2 

.26 

22.25 

BOT 

MIN 

MEMBER  NUMBER  14 

OIST  FROM 

LOAD 

-CONTROLLING- 

BENDING 

- > 

AXIAL 

REINFORCEMENT 

left  end 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT). 

.50 

2 

(R-FT) 

'.00 

(KIPS) 

23.29 

TOP 

<  SQIN 
MIN 

2.00 

2 

'.00 

23.12 

TOP 

MIN 

3.50 

2 

'  .00 

22.95 

TOP 

MIN 

1 

0.00 

16.50 

BOT 

MIN 

5.00 

2 

.00 

22.78 

BOT 

MIN 

6.50 

2 

.00 

22.61 

BOT 

hiN 

MEMBER  NUMBER  21 

< - 

--CONTROLLING- 

DIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

(K-FT) 

(KIPS) 

(SQIN 

,42 

1 

-7.43 

10.00 

TOP 

.  11 

1.92 

2 

5.34 

5.97 

BOT 

.10 

3.42 

2 

7.49 

5.97 

BOT 

.18 

4.92 

2 

2.15 

5.97 

BOT 

MIN 

6.42 

2 

-10.69 

5.97 

TOP 

.31 
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NCHBER  NUMBER  22 


< - 

•-CONTROLLING- 

- > 

OIST  FROM 

LOAD 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

HONENT 

FORCE 

LOCATION 

AREA 

(FT) 

<K-FT) 

(KIPS) 

(SO  IN 

.36 

2 

-10.17 

5.79 

TOP 

.29 

1 .88 

2 

1 .24 

5.79 

60T 

MIN 

3.38 

2 

5.16 

5.79 

DOT 

.09 

4.88 

2 

1.57 

5.79 

DOT 

MIN 

6.38 

2 

-9.51 

5.79 

TOP 

.27 

MEMBER  NUMBER  23 

DIST  FROM 

< - 

LOAD 

--CONTROLLING- 

BENDING 

AXIAL 

REINFORCEMENT 

LEFT  END 

CASE 

MOMENT 

FORCE 

LOCATION 

AREA 

(FT) 

.38 

2 

(K-FT) 

-9.19 

(KIPS) 

5.69 

TOP 

(SQIN 

.25 

1.88 

2 

1.93 

5*69 

BOT 

MIN 

3.38 

2 

5.55 

5.69 

Bor 

.  1  1 

4.68 

2 

1.67 

5.69 

BOT 

MIN 

6.38 

2 

-9.70 

5.69 

TOP 

.28 
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3*--DESIGN  HEH6ER  LOAD/FORCE  DATAr  LOAD  CASE  1 

DESIGN  USING  ACI  STRENGTH  DESIGN  PROCEDUREr  AND 
SHEAR  DESIGN  OPTION  1 


DESIGN  LOAD/FQRCE 

DATA  FOR  MEMBER 

1 

DIST  FROH 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT  ) 

(KIPS) 

(KIPS) 

0.00 

2.52 

12.34 

-9 . 02 

12.00 

.42 

2.52 

8.80 

-7.97 

12.00 

1.92 

2,52 

-.33 

-4,20 

12 . 00 

3.42 

2.52 

-3.79 

-.42 

12.00 

4,92 

2.52 

-1,59 

3.36 

12.00 

6.42 

2.52 

6.28 

7.13 

12,00 

6.79 

2.52 

9.13 

8.08 

12.00 

DESIGN  load/force 

DATA  FOR  MEMBER 

2. 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

2.52 

9,84 

-8.51 

12.17 

.38 

2.52 

6.83 

-7.56 

12.17 

1.88 

2.S2 

-1,68 

-3,79 

12.17 

3.38 

2.52 

-4,53 

-.01 

12.17 

4.68 

2.52 

-1.71 

3.77 

12.17 

6.38 

2.52 

6.77 

7.54 

12.17 

6.75 

2.52 

9.78 

8.49 

12.17 

DESIGN  LOAD/FORCC 

DATA  FOR  MEMBER 

3 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KIPS) 

0.00 

2.52 

10.12 

-8,55 

12.28 

.38 

2.52 

7,09 

-7.61 

12.28 

1.88 

2.52 

-1,49 

-3.83 

12.28 

3.38 

2.52 

-4.40 

-.05 

12.28 

4.88 

2.52 

-1.64 

3.72 

12.28 

6.38 

2.52 

6.78 

7.50 

12.28 

6.75 

2.52 

9.77 

8.45 

12.26 
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DESIGN  LOAD/FORCE 

DATA  FOR  rtEMBER 

1 1 

DISr  FROM 

lateral 

PENDING 

AXIAL 

LEFT  END 

LOAD 

rtOMENT 

SHEAR 

FORCE 

(FT  > 

(  KSF  ) 

(K-F  T  ) 

•'  K  1  F'  S  ) 

(  K  I F  S  » 

0.00 

-3.19 

-12.53 

10.39 

1  0  .  ^ 

.50 

-3.13 

-7.73 

8.81 

1  0  .  1 

2.00 

-2.94 

2 . 04 

4 . 26 

9 .82 

3.50 

-2 . 75 

5.20 

-  .  00 

9  .  o3 

5.00 

-2.56 

2.17 

-3.99 

9  .  45 

6.50 

-2.38 

-6.63 

-7.69 

9.26 

7.00 

-2.3V 

-10.77 

-8.86 

9.20 

DESIGN  LOAD/FORCE 

DATA  FOR  member 

2l 

DIST  FROM 

lateral 

BENDING 

AX  I  AL 

left  end 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF  > 

(  K-FT  ) 

(  MF  S  ) 

(  MF-S  ) 

0.00 

-2 . 40 

-10.69 

3  .  32 

1  0 . 0  0 

.42 

-2 . 40 

7,43 

7  .  32 

1  0 . 00 

1.92 

-2 . 40 

.  .85 

3  .  ^2 

10.00 

3.42 

-2 . 40 

3.74 

.  12 

10.00 

4 . 92 

-2 . 40 

1  . 

-3.48 

10.00 

6.42 

-2 . 40 

-6.70 

-7.08 

1  0 . 0  0 

6.79 

-2 . 40 

-9.52 

-7.98 

10.00 

DESIGN  LOAD/FORCE 

data  for  member- 

22 

DtSr  FROM 

lateral 

BENDING 

AXIAL 

LEFT  END 

LOAD 

moment 

SHEAR 

FORCE 

(FT  ) 

(KSF  ) 

(  N-FT  ) 

1  X  1 1 '  S  J 

(  M  P  S  ^ 

0.00 

-2 . 40 

-9,0  1 

^  .  93 

9 . 93 

.38 

-2 , 40 

-6 . 20 

.03 

9.3! 

1  .88 

-2 . 40 

1 .65 

3.43 

9.83 

3.38 

-2 , 40 

4 . 09 

-.17 

9  .  B  5 

4.88 

-2 . 40 

1.14 

-3.77 

9.83 

6.38 

-2, 40 

-7.22 

-7.37 

9 .8  i 

6.75 

-2.40 

-10.15 

-9.27 

9 .83 

design  LOAD/rORCE 

data  for  member 

23 

DIST  FROM 

LATERAL 

bending 

AX  I  AL 

left  end 

LOAD 

MOMENT 

SHEAR 

FOR  :r 

(FT) 

(  KSF  > 

s  K  -  F  T  ) 

(  KIPS  < 

i  M  FS  ^ 

0 . 00 

-2 . 40 

-9.77 

8 . 09 

9.72 

.38 

-2 . 40 

-6.90 

7.19 

9.^2 

1  .08 

-2  ,  40 

1.19 

3  .  5V 

9  . 

3.38 

-2.40 

3.88 

-.01 

9.72 

4.88 

-2 . 40 

1  .  17 

-3.61 

9.72 

6.38 

2.40 

-6 . 95 

-  7  .  J  1 

9,72 

6.75 

-2 . 40 

-9,82 

-8.11 

9.7? 

b4i) 


3. --DESIGN  NENBER  LOAD/FORCE  DATA*  LOAD  CASE  2 

DESIGN  USING  ACI  STRENGTH  DESIGN  PROCEDURE*  AND 
SHEAR  DESIGN  OPTION  \ 


DESIGN  LOAD/FORCE 

DATA  FOR  riEHBER 

1 

OIST  FROM 

LATERAL 

BENDING 

LEFT  END 

LOAD 

MOhENT 

SHEAR 

(FT) 

(KSF  > 

(K-FT  ) 

(MPS  ^ 

0.00 

3.45 

9 .96 

-11.03 

.42 

3.45 

5 . 66 

-9.59 

1.92 

3.45 

-4 . 84 

-4.41 

3.42 

3.45 

-7.57 

.  76 

4.92 

3.45 

-2.54 

5.94 

6 . 42 

3.45 

10.25 

11.12 

6.79 

3.45 

14.66 

12.41 

DESIGN  load/force 

DATA  FOR  MEMBER 

2 

Disr  from 

LATERAL 

BENDING 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

(FT) 

(KSF  ) 

<K-FT) 

(MPS) 

0.00 

3.45 

15.04 

-11.94 

.38 

3.45 

10.80 

-10.64 

1.88 

3.45 

-1.28 

-5.47 

3*38 

3,45 

-5.59 

-  .29 

4.88 

3.45 

-2 . 15 

4.89 

6.38 

3.45 

9 , 07 

10.06 

6.75 

3,45 

13.08 

11.36 

DESIGN  load/force 

DATA  FOR  MEMBER 

3 

DIST  FROM 

LATERAL 

BENDING 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

(FT) 

(KSF  ) 

(K-FT) 

(KIPS) 

0.00 

3.45 

13.50 

-11.62 

.38 

3.45 

9.39 

-10.33 

1 .88 

3.45 

-2.22 

-5.15 

3.38 

3,45 

-6,07 

,03 

4.88 

3.45 

-2.15 

5,20 

6.38 

3.45 

9.54 

10.38 

6.75 

3.45 

13.67 

11,67 

AXIAL 

FORCE 

(MPS) 

7 . 59 
.59 

7 . 59 
7.59 
7.59 
7.59 
7.59 


AXIAL 
FORCE 
(MPS) 
7 . 77 
7 . 77 
7 .77 
7 .77 
7.77 
7  .  77 
7.  77 


AXIAL 
FORCE 
(KIPS) 
7 .87 
7.87 
7.87 
7.87 
7.87 
7.87 
7.87 
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DESIGN  LQAD/FORCE 

DATA  FOR  mender 

1  1 

DIST  FROM 

lateral 

BENDING 

AXIAL 

left  end 

LOAD 

MOMENT 

SHEAR 

FORCE 

(  FT  ) 

(  KSF  ) 

(  K-FT  ) 

(MRS  ) 

(MRS  ) 

0.00 

-2.03 

-9.92 

6 . 56 

12.46 

.50 

-1.98 

-6 . 89 

5.56 

12.40 

2 . 00 

-1.84 

-  .  72 

2 . 70 

12,21 

3.50 

-1.70 

1 . 32 

.05 

12.03 

5.00 

-1.55 

-  .  45 

-2 . 38 

11.64 

6.50 

-1.41 

-5.73 

-4.61 

11.65 

7.00 

-1.36 

-8 . 20 

-5.30 

11.59 

DESIGN  LOAD/FORCE 

DATA  FOR  member 

21 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(  FT  ) 

(  KSF) 

(  K-FT ) 

<  KIPS ) 

(KIPS) 

0.00 

-3.33 

-0.33 

10.32 

5 .97 

.42 

-3.33 

-4.31 

8 . 94 

5.97 

1 .92 

-3.33 

5 . 34 

3.94 

5.97 

3,42 

-3.33 

7.49 

-1.06 

5 . 97 

4 . 92 

-3.33 

2 . 15 

-6 . 06 

5 . 97 

6.42 

-3.33 

-10.69 

-11.06 

5 . 97 

6.79 

-3,33 

-15.08 

-12.31 

5.97 

DESIGN  LOAD/FORCE 

DATA  FOR  MEMBER 

22 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(  KIPS  ) 

(KIPS) 

0.00 

-3,33 

-14.20 

11.36 

5.79 

,38 

-3.33 

-10. 17 

10.11 

5.79 

1,88 

-3.33 

1 . 24 

5.11 

5.79 

3.38 

-3.33 

5.16 

.  1 1 

5 . 79 

4,88 

-3.33 

1 .57 

-4 . 89 

5.79 

6.38 

-3.33 

-9.51 

-9.89 

5.79 

6.75 

-3.33 

-13.45 

-11.14 

5.79 

DESIGN  LOAD/FORCE 

DATA  FOR  MEMBER 

23 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS ) 

(KIPS) 

0.00 

-3.33 

-13.14 

11.16 

5.69 

,38 

-3.33 

-9. 19 

9.91 

5 . 69 

1.88 

-3.33 

1 .93 

4.91 

5 . 69 

3,38 

-3.33 

5.55 

-.09 

5.69 

4.88 

-3.33 

1.67 

-5.00 

5 . 69 

6,38 

-3.33 

-9.70 

-10.08 

5 . 69 

6,75 

-3.33 

-13.72 

-11.33 

5.o9 
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'niRj':i::  clll  cui.vkkt  jnviis’I' illation 

HY  ACT  S DKSIGN  PRCX'KDUKt: 
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fKOCF.Mn  ('OKiCUL  I't  JGATION  OF  UK  T  HOi:ON,%L  CUL'JEKT 

IiATE:  08/22/80  T  I  flE  :  15:00:5 


ARE  INPUT  DATA  TO  PE  F<EAIi  FROM  TERMINAL  OR  FILE? 

ENTER  'TERMINAL'  OR  'FILE' 

I  f 

ENTER  INPUT  FILE  NAME  (6  CHARACTERS  MAXIMUM) 

I  c  3  s  d  1  ri 

INPUT  COM^^'LCTL.  NO  ERRORS  HETECTEU. 

HO  YOU  WANT  TO  EHIT  INPUT  DATA*?  ENTER  'YES'  OR  'NO' 

I '  ri 

no  YOU  WANT  INPUT  HATA  EChOPRlNTED  TO  YOUR 
TERMINALf  TO  A  FILEf  TO  POTHf  OR  NEITHER"? 

ENTER  'TERMINAL' F  'FILE'f  'POTH'f  OR  'NEITHER' 

I  f 

ENTER  OUTPUT  FILE  NAME  <6  CHARACTERS  MAXIMUM) 

I  c3sdot 

INPUT  SEOUENCE  COMf-LETE. 

no  YOU  WANT  TO  CONTINUE  SOLUTION*?  ENTER  'YES'  OR  'NO' 

I !  y 

no  YOU  WANT  RESULTS  PRINTEH  AT  YOUR  TERMINALf 
WRITTEN  TO  FILE  'C3SnOT'F  OR  BOTH? 

ENTER  'TERMINAL'f  'FILE'f  OR  'BOTH' 

i;:^f 

no  YOU  WANT  MEMBER  LOAH/FORCE  DATA  OUTPUT? 

ENTER  'YES'  DR  'NO' 

I ;  y 

RESULTS  ARE  AUAILABLE  FOR  2  STANDARH  LOAH  CASES 
ENTER  IiESIREIi  LOAH  CASE  (1  TO  2) 

I  1 

RESULTS  ARE  AVAILABLE  FOR  FOLLOWING  MEMBERS 
1  2  11  12  21  22 
RESULTS  ARE  AVAILABl.E  FOR  6  MEMBERS 

ENTER  LIST  OF  MEMBER  NUMBERS  (UP  TO  6  MEMBERS)  OR  'NONE' 

1 : 1 

no  YOU  WANT  RESULTS  FOR  OTHER  MEMBERS'?  ENTER  'YES'  OR  'NO' 

I  B 

no  YOU  WANT  RESULTS  FOR  Af^OTHER  LOAD  CASE'?  ENTER  'YES'  OR  'NO 

I  'y 

RESULTS  ARE  AVAILABLE  FOR  2  STANBARH  LOAH  CASES 
ENTER  riESIREIi  LOAD  CASE  (1  TO  2> 

1:2 

RESULTS  ARE  AVAILADLE  FOR  FOLLOWING  MEMBERS 
1  2  11  12  21  22 
RESULTS  ARE  AVAILABLE  FOR  6  MEMBERS 

ENTER  LIST  OF  MEMBER  NUMBERS  (UP  TO  6  MEMBERS)  OR  'NONE' 

1:21 

no  YOU  WANT  RESULTS  FOR  OTHER  MEMBERS'?  ENTER  'YES'  OR  'NO' 

I '  n 

no  YOU  WANT  RESULTS  FOR  ANOTHER  LOAD  CASE?  ENTER  'YES'  OR  'NO 

I  -  n 

OUTPUT  COMPLETE, 

no  YOU  WANT  TO  EDIT  INPUT  DATA  FOR  THE  PRECEDING  PROBLEM? 

ENTER  'YES'  OR  'NO' 

r  n 

no  YOU  WANT  TO  MAKE  ANOTHER  RUN?  ENTER  'YES'  OR  'NO' 

I  >ri 

^gt*******  NORMAL  TERMINATION  ggggggggg* 
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f  j  tn 


LISTING  OF  INFUT  I'ATA  FILE  'C.^SL'IN' 


1000  2  INVESTIGATION  OF  THKEE  CELL  CONDUIT 

1010  using  ACI  strength  design  F-ROCEDURE  ANIr  TWO  LOAD  CASES 
1020  I  SD 

1030  4000  40000  ISO  .5  0 
1040  3  12  12  0  6.S 
lOSO  4.71  3.S6  4.56  3.38 
1060  54  48  54  36 
1070  1 

1080  210  lAO  135 
1090  2 

1100  1  1  0  205 
1110  1.5  .5  0  205 
1110  0 
1120  1  1 
1130  0 
I  150  6 

1160  1  1  1.56  1  1.56  1  1.56 
1170  2  1  1.56  1  1.56  1  1.56 
1180  11  1.56  1  1.56  1  1.56  1 
1190  12  ,88  .88  .88  .88  .88  .88 
1200  21  1.56  1  1.56  1  1.56  1 
1210  22  1.56  1  1.56  1  1.56  1 
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PROGRAM  CORTCUL  -  DES I GN/ I N VEST IGAT I  ON  OF  ORTHOGONAL  CULVERTS 
date:  08/22/80  TIME:  15:01:30 

1.  input  data 

1  .A. “-HEADING 

INVESTIGATION  OF  THREE  CELL  CONDUIT 

USING  ACI  STRENGTH  DESIGN  PROCEDURE  AND  TWO  LOAD  CASES 


l.D. — MODE  AND  PROCEDURE 

INVESTIGATION  USING  ACI  STRENGTH  DESIGN  PROCEDURE 


I .C. --MATERIAL  PROPERTIES 

CDNCRETF : 

ULTIMATE  STRENGTH 
ULTIMATE  strain 
COMP.  BLOCK  RATIO 
UNIT  WEIGHT 


reinforcement; 

YIELD  STRENGTH 
MODULUS  OF  ELASTICITY 
MAXIMUM  REINF  RATIO 


STRENGTH  REDUCTION  FACTOR 


1  .D.— GEOMETRY 

NO  OF  CELL  HAUNCH 

CELLS  HEIGHT  WIDTH 

(FT)  (IN) 

3  12.00  12.00 


REINFORCEMENT  COVER  (IN); 
EXTERIOR  SURFACES 
INTERIOR  ROOF/END  WALLS  = 
INTERIOR  BASE  SLAB 
INTERIOR  WALLS 


=  4000,  (PSD 

=  .003 

=  .85 

=  150.  (PCF) 


=  40000.  (psn 

=  29,E  +  06  (PSD 

=  .50 


=  VARIABLE 


INVERT  CELL 

ELEV  WIDTH 

(FT)  (FT) 

0,00  6.50 


THICKNESS  ( IN) : 

4.71 

ROOF  SLAB 

=  54.00 

3.56 

EXTERIOR  WALLS 

=  48.00 

4.56 

BASE  SLAB 

^  54.00 

3.38 

INTERIOR  WALLS 

-  36.00 
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i*e.-'-tOAD  HAT  A 


1  .E.l  .--STANDAFvH  LOAH  CASES 


SOIL  oata; 

ELEO  AT 

LAYER  TOP  OF  LATER 
NO  (FT) 

1  210.00 


SAIURATEU  hOlST 

UNIT  WEIGHT  UNIT  WEIGHT 
(PCF)  <PCF> 

lAO.OO  135.00 


STANIiARti  LOAl*  CASE  DATA 

WATER  UNIT  WEIGHT  =  62.5  CPCF) 


LOAP 

P-R'ESSURE 

COEFFICIENTS 

SURFACE 

GR'OUNP  WATER- 

CASE 

VERTICAL 

HORIZONTAL 

SURCHARGE 

ELEVATION 

<  PSF ) 

(FT) 

1 

1.00 

1.00 

0.00 

205.00 

1  .50 

.50 

0.00 

205,00 

1 .E.2--SPeCIAL  LOAD  CASES 
NO  SPECIAL  LOAP  CASES 


1.E.3.--L0AP  Factors  for  aci  strength  pesign: 

LIVE  LOAti  FACTOR  1.00 
PEAP  LOAP  FACTOR  -  1.00 


UE.A-'INTEKNAL  WATER  DATA 
NO  iNTEFvNAL  WATER 


1 .F .--REINFORCEHCNT  AREAS  (SPIN)  FOR  INVESTIGATION 


HEMBER 

LEFT 

ENP 

CENTERLINE 

RIGHT  ENP 

NO 

TOP 

BOTTOM 

TOP 

BOTTOM 

TOP 

BOTTOM 

\ 

1,00 

1.56 

1 .00 

1 ,56 

1  .00 

1 . 56 

n 

1.00 

1.56 

1.00 

1 .56 

1,00 

1 ,56 

ll 

1 .56 

1.00 

1.56 

1 .00 

1,56 

1  ,00 

12 

.88 

.86 

.88 

.88 

.88 

.88 

21 

1 . 56 

1 ,00 

1.56 

1  .00 

1 .56 

1.00 

1 .56 

1,00 

1 . 56 

1 .00 

1.56 

1.00 
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SCHEMATIC  OF  CULVERT 

22--»— 23- 


•  *  ! 

!  !  ! 

11  12  13 

I  !  I 

!  »  I 


14 


* - 1-  -* - 2 — * - 3--» 


LOCAL  COORDINATE  SYSTEMS! 

HORIZONTAL  MEMBERS:  ORIGIN  AT  LEFT  ENDf  X-AXIS  TO  RlGHTr  Y-AXIS  UR 
vertical  MEMBERS  :  ORIGIN  AT  BOTTOMr  X-AXIS  UF »  Y-AXIS  TO  LEFT 

SIGN  conventions: 

F-OSJTIVE  LATERAL  LOAD  ACTS  IN  PLUS  Y  DIRECTION 
POSITIVE  BENDING  MOMENT  PRODUCES  COMPRESSION 
ON  PLUS  Y  FACE  OF  MEMBER 

POSITIVE  SHEAR  TENDS  TO  MOVE  MEMBER  IN  PLUS  Y  DIRECTION 
POSITIVE  AXIAL  LOAD  ACTS  IN  PLUS  X  DIRECTION 
POSITIVE  AXIAL  INTERNAL  FORCE  IS  COMPRESSION 
UNLESS  OTHERWISE  NOTED.  FACTOR  OF  SAFETY  FOR 

INVESTIGATION  USING  ACI  STRENGTH  DESIGN  FROCEDURE 
IS  DEFINED  BY  FS  =  PHI  *  PN  /  P 

WHERE  PN  =  ULTIMATE  STRENGTH  AT  ACTUAL  ECCENTRICITY 
P  *=  ACTUAL  AXIAL  FORCE 
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PROGRAH  CORTCUL  -  D£ S I GN/ I N V£S T I GA T I  ON  OF  ORTHOGONAL  CULVERTS 
DATE;  08/22/80  TIHEt  lS:0i:44 

2 .A. --HEADING 

INVESTIGATION  OF  THREE  CELL  CONDUIT 

USING  ACI  strength  DESIGN  PROCEDURE  AND  TWO  LOAD  CASES 


2.B» — SUMhARY  OF  RESULTS  FOR  STANDARD  LOAD  CASE  1 

INVESTIGATION  USING  ACI  STRENGTH  DESIGN  PROCEDURE 


NEHBER  1 

LEFT  END 

CENTERLINE 

RIGHT  ENl 

BENDING  MOMENT 

(  K-FT ) 

351 *33 

60 .63 

70,88 

AXIAL  FORCE 

<MPS) 

306.99 

306 . 99 

306 , 99 

flexure  factor 

OF  SAFETY 

3.78 

4  .  19 

5 ,  J  8 

STRENGTH  REDUCTION  <PH1) 

.  70 

.70 

.  70 

SHEAR  FORCE  AT 

D 

(KIPS) 

NNNNNN 

NNNNNN 

SHEAR  FS  AT  D 

< ACI63) 

NNNNNN 

NNNNNN 

SHEAR  FORCE  AT 

0.  I5LN 

(KIPS) 

-107.97 

21,67 

SHEAR  FS  AT  0. 

15LN  (UI440) 

5,43 

NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  HEhBER 


-  SHEAR  FS  IS  GREATER  THAN  TEN 


MEMBER  2 

LEFT  END 

CENTERLINE 

RIGHT  END 

BENDING  MOMENT 

(K-FT  ) 

18.66 

-131,82 

18.66 

AXIAL  FORCE 

(KIPS) 

307. 18 

307. 28 

18 

FLEXURE  FACTOR  OF  SAFETY 

5.08 

4  .  19 

5 . 06 

STRENGTH  REDUCTION  (PHD 

,  70 

.  70 

.  70 

SHEAR  FORCE  AT  0 

(KIPS) 

NNNNNN 

NNNNNN 

SHEAR  FS  AT  D  <ACI63) 

NNNNNN 

NNNNNN 

SHEAR  FORCE  AT  0. 15LN 

(  MPS  ) 

-64,82 

64,82 

SHEAR  FS  AT  0.15LN  (UI440) 

9 . 00 

9 . 08 

NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 


APPLY  FOR  this  liENBER 


MEMBER  11 

left  end 

CEN7ERL INE 

RIGHT  END 

BENDING  MOMENT 

(K-FT  > 

-233. 78 

282 . 80 

-227 .89 

AXIAL  FORCE 

( KIPS ) 

240. 36 

244 . 75 

241  .  1  A 

FLEXURE  FACTOR  OF  SAFETY 

4 . 50 

2 .84 

;  .63 

STRENGTH  REDUCTION  (PHI) 

.70 

.70 

.70 

SHEAR  FORCE  AT  D 

(MPS) 

NNNNNN 

NNNNNN 

SHEAR  FS  AT  D  (AC163) 

NNNNNN 

NNNNNN 

^  EAR  FORCE  AT  0 . 15LN 

(KIPS) 

120.73 

-118.96 

SHEAR  FS  AT  0.15LN  (UI440> 

3.54 

3.57 

NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 
APPLY  POP  this  mender 
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MEMBER  12  LEFT  END 

BENDING  MOMENT  (K-FT)  -12.06 

MXIAL  FORCE  (KIPS)  226,32 

FLEXURE  FACTOR  OF  SAFETY  5.00 

STRENGTH  REDUCTION  (PHI)  .70 

SHEAR  FORCE  AT  0  (KIPS)  NNNNNN 

SHEAR  FS  AT  D  (ACI63>  NNNNNN 

SHEAR  FORCE  AT  0.15LN  (KIPS)  .19 

SHEAR  FS  AT  O.iSLN  (UI440)  - 


NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  MEMBER 
-  _  SHEAR  FS  IS  GREATER  THAN  TEN 


CENTERLINE 
-10.90 
223.82 
3.84 
.  70 


RIGHT  END 
-9.73 
221 . 12 
3.12 
.70 
NNNNNN 
NNNNNN 
.19 


MEMBER  21  LEFT  END 

BENDING  MOMENT  (K-FT)  -346.18 

AXIAL  FORCE  (KIPS)  292,25 

FLEXURE  .FACTOR  OF  SAFETY  3.90 

STRENGTH  REDUCTION  (PHI)  ,70 

SHEAR  FORCE  AT  D  (KIPS)  NNNNNN 

SHEAR  FS  AT  D  (ACI63>  NNNNNN 

SHEAR  FORCE  AT  O.ISLN  (KIPS)  104.51 

SHEAR  FS  AT  0.13LN  (UI440>  5.53 


NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  MEMBER 
-  -  SHEAR  FS  IS  GREATER  THAN  TEN 


CENTERLINE 
-65 . 13 
292.23 
4.40 
.70 


RIGHT  END 
-77.08 
292.25 
5 .34 
.70 
NNNNNN 
NNNNNN 
-21.71 


MEMBER  22  LEFT  END 

BENDING  MOMENT  (K-FT)  -24.28 

AXIAL  FORCE  (KIPS)  292.06 

FLEXURE  FACTOR  OF  SAFETY  5.34 

STRENGTH  REDUCTION  (PHI)  .70 

SHEAR  FORCE  AT  D  (KIPS)  NNNNNN 

SHEAR  FS  AT  D  (ACI63)  NNNNNN 

SHEAR  FORCE  AT  0.15LN  (KIPS)  63.11 

SHEAR  FS  AT  0.15LN  (UI440)  9.40 


NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES 
APPLY  FOR  THIS  MEMBER 


CENTERLINE 

122.22 

292.06 

4 . 40 

.70 


NOT 


RIGHT  END 
-24.23 
292.06 
5 . 34 
.70 
NNNNNN 
NNNNNN 
-63.11 
9.40 
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B.--SUflHARY  OF  RESULTS  FOR  STANDAKti  LOAH  CASE  2 

INVESTIGATZOW  USING  ACI  STRENGTH  GESIGN  PROCEDURE 


NEMBER  1  lEFT  END  CENTERLINE 

BENDING  HOMENT  <K-FT)  21^. 4\  'AC. 27 

AXIAL  FORCE  IMPS>  220.67  220.67 

FLEXURE  FACTOR  OF  SAFETY  5.74  5.8J 

STRENGTH  REDUCTION  (PHI)  .70  .70 

SHEAR  FORCE  AT  D  (MPS)  NNNNNN 

SHEAR  FS  AT  D  (ACI63)  NNNNNN 

SHEAR  FORCE  AT  0.15LN  <KIPS^  -202.46 
SHEAR  FS  AT  O.ISLN  (U1440)  5.22 

NNNNNN  -  ACI63  SHEAR  PROCEDURF  DOES  NOT 
APPLY  FOR  THIS  MEMBER 


RIGHT  END 
82.72 
220.67 
7.07 
.  70 
NNNNHN 
NNNNNN 
61  .  P5 
8.63 


MEMBER  2  LEFT  END 

BENDING  MOMENT  (K-FT)  62.06 

AXIAL  FORCE  (KIPS)  220.86 

FLEXURE  FACTOR  OF  SAFETY  7.06 

strength  reduction  (PHI)  .70 

SHEAR  FORCE  AT  D  <MFS>  NNNNNN 

SHEAR  FS  AT  0  <AC163>  NNNNNN 

SHEAR  FORCE  AT  0.15LN  (KIPS)  -82.21 

SHEAR  FS  AT  0.15LN  (UI440>  6.53 


NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  MEMBER 


centerline 

-128.78 
220. 88 
5,52 
.  70 


RIGHT  END 
62.06 
220.68 
7.06 
.70 
NNNNNN 
NNNNNN 
82.21 
6.53 


NEMBER  11  LEFT  END 

BENDING  MOMENT  (K-FT)  -209.94 

axial  force  (KIPS)  280.88 

FLEXURE  FACTOR  OF  SAFETY  4.42 

STRENGTH  REDUCTION  (PHI)  .70 

SHEAR  FORCE  AT  D  (MPS)  NNNNNN 

SHEAR  FS  AT  0  (ACI63)  NNNNNN 

SHEAR  FORCE  AT  0.15LN  (MPS)  86.92 

SMEAR  FS  AT  O.lSLN  <UI440>  4.92 


NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  MEMBER 


CENTERLINE 
162.35 
277.28 
3 . 77 
.  70 


RIGHT  END 
-202 .87 
273 . 68 
4 . 55 
.  70 
NNNNNN 
NNNNNN 
-85.1 ^ 

4  .  99 
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HEhBtR  12  left  end 

BENbING  hOf^ENT  (K-FT)  '9.2!i 

AXIAL  FORCE  \MF5)  322.00 

flexure  factor  of  safety  3.52 

STRENGTH  REDUCTION  (PHI)  .70 

SHEAR  FORCE  AT  D  <MFS)  NNNNNN 

SHEAR  FS  AT  D  (AC163)  NNNNNN 

SHEAR  FORCE  AT  0.15LN  (MPG)  ,2\ 

SHEAR  FS  A'"  0.i5LN  <UI440)  - 

NNNNNN  -  ACI63  SV^EAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  MEMBER 
-  .  SHEAR  FS  IS  GREATER  THAN  TEN 


CENTERLINE 

-8.01 

319.30 


RIGHT  end 
*6 . 76> 
316.60 
3.58 
.  70 
NNNNNN 
NNNNNN 
.21 


NEflBER  21  LEFT  END 

BENDING  MOMENT  <K-FT>  -209.14 

AXIAL  FORCE  (MPSl  209.54 

flexure  -FACTOR  OF  SAFETY  5.9B 

strength  reduction  ^PHI)  .70 

shear  force  at  P  (KIPS)  NNNNNN 

SHEAR  FS  AT  0  (ACI63)  NNNNNN 

SHEAR  FORCE  AT  0.15LN  (KIPS)  99.01 

SHEAR  FS  AT  O.iSLN  IUIA40)  5.33 

NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  MEMBER 


centerline 

37  .S'5 
209,54 
6.14 
.  70 


RIGHT  END 
-88 .31 
70-'  .  54 
7  .  45 
.  70 
NNNNNN 
NNNNNN 
-61.98 
8 .51 


MEMBER  22  LEFT  END 

BENDING  MOMENT  <K-fT)  -67.33 

AXIAL  FORCE  (KIPS)  209.33 

FLEXURE  FACTOR  OF  SAFETY  7.45 

strength  reduction  (PHI)  ,70 

SHEAR  FORCE  AT  D  (KIPS)  NNNNNN 

SHEAR  FS  AT  D  (ACI63)  NNNNNN 

SHEAR  FORCE  AT  0.15LN  (KIPS)  80.49 

SHEAR  FS  AT  0.15LM  <UI440)  6.73 

NNNNNN  -  ACI63  SHEAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  MEMBER 


CENTERL INE 
119.53 
209.33 
5.87 
,  70 


RIGHT  END 
-67 ,33 
209 . 33 
7 . 45 
.  70 
NNNNNN 
NNNNNN 
-80 . 49 
6 . 73 
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^KOGf^Art  eOKTCUL  -  t'FSiGN'  INVtST  IGaT  ION  UF  T  hOO  . ;  At  t‘M;vFF.T. 
OATE  ;  00- 90  M  n£  :  1 1 ;  >>  1  :  S  ■ 

5 . A .  Mt ADING 

I WVEST  IGAT  ION  OF  TMkFE  lELI  COnI'GH 

USIhG  AC  I  strength  OEGIGn  FROCEOLFE  and  two  UJaD  CASEj 


J .  ft .  -Nf SUL  T  S  FOR  S 

TANitARD  load 

CASE  1 

INVEST  IGAT  ION 

J^^lNb  Al  :  jT 

RENli^H  DE 

SIGN  F’R'OCE  DUKE 

RESULTS  FOR  NfHftER 

1  f  LOAD  CASE 

1 

DIST  from 

lateral 

BEND  1  NO 

Ax  I  Al 

LEFT  END 

LOAD 

moment 

shear 

f  0R\.r 

(FT) 

(  kSF 

S  K -F  T  j 

(  N  I  F  5  ' 

'MTS,' 

0 . 00 

28. 49 

679.81 

-  1  9  2  .  ’  3 

306.9V 

2 . 00 

28 . 49 

351  /33 

*■  1  35 . 7- 

306.99 

3 . 00 

28 . 49 

229 .83 

-107.25 

30^.99 

4.13 

28 . 49 

127.20 

-7^.20 

306 . 99 

5.25 

29 . 49 

60 . 63 

-43.15 

306 . 99 

6 . 39 

28 . 49 

30.12 

-11.09 

306 .99 

7.^0 

28 . 49 

35.68 

20.96 

306.99 

9.50 

28.49 

70 . 88 

49 . 45 

306 .99 

10.00 

29. 49 

177.12 

92.19 

306.99 

3 . B . -“RESOETS  FOR  STANDARD  LOAD 

CASE  2 

IMUeSTIGATION 

USING  ACI  strength  DESIGN 

PROCEDURE 

RESULTS  FOR  MEMBER 

21 »  LOAD  CASE 

'j 

OIST  FROM 

lateral 

BENDING 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

FOF  cr 

(FT) 

(KSF> 

(^-F  T  ) 

(MRS) 

;  MRS  ) 

0.00 

-35.38 

-546.91 

204 ,27 

209 . 54 

2.00 

-35.38 

-209. 1 4 

133,50 

209 .54 

3.00 

-35.38 

-93.33 

98.12 

209.54 

4.13 

-35.38 

-5.33 

58.32 

209 .54 

5.25 

-35.38 

37.09 

18.51 

209.54 

6.38 

-35.38 

36.32 

-21 .29 

20V .54 

7.50 

-35.38 

-10.02 

-61.10 

209.54 

8.50 

-35.38 

-88.81 

-96 . 48 

2  0  9  .  4 

10 . 00 

-35.38 

-273.33 

149.55 

20V . 54 
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four  CFLL  CULVKKT  lNVi;!vric;ATU)N 
BY  WORKING  F'l'HlISS  IKFFIGN  l>ROGKIUIRE 


i  L  E  - 


.. .  V  .  ■■  ;r"  /.i  ,•<:  tr  l  i rvf. ;  i  :  "C  4  ; 

L  7E  TT.  I'.C  .'-iAXIMlM' 

f  ‘  s  t  1  .3  1  r  >  r  .'3  r'  c  ■ :  r  v.  <  3  11  c  •. :  i  v  e  v  t 

!  !L.':.r  ■  INt'  J  CHAR;iC  l';S  *^^x:^iun' 

^  :ne  s'rrss  L.E5:L:^  RRMci'i-ijr-f 

ER  MCAi.-rk  Li>a;  j  rharac  tk*:  i^AXihuri' 

■'.  .’^Ul  lG3tj  CGit?  U»iti3 

..'NTE''  ht.M-ER  1.  INE  A  '.72  EHAr  A.L' TER  S  M  A'-' I  ri  r 
■  j !  e  -  loao-j  .jp  rocf  and  int.c-rrial  w3ter 
enter  ‘RESIGN  OR  '  I  NR'E  S  T  I  G  A  T  I  GN ' 


’  GN^ER  ^UST'  OR  ^5D' 


rlA  SERIAL  T  ROPER  ^:ES»  ENTER  VALUES  UNIER  HEAIilNG 


concrete: 

CCnF’RESS  rVE 
STRENGTH 
a-  si  ^ 

4000  . 

A’’  :  "t“:  '■  r  EA  r  A 

nu  op  cell 

cell  A  HEIGHT 

'.  1  r'2  9  )  ( r  r  •; 


REINH 
y :  L  L  D 
STRENGTH 
:psn 

4C-C00. 

HAUNCH 
UlTiTH 
(  IN) 


CGNCFvE  IE 
UNIT 
WEIGH’" 

PCr  ) 

ICO. 

INVERT  CEL;_ 

ELEL  wIT"H 

(^j )  (r:> 


E N ’ r 

4  9 .  0 .  0 .  9 . 

COVER  TC  CENTRO  II:  OR  RE  I  NPCRCE  HR  N  ^ 

ET7E.MUR  Interior  soRrACCs  inter 


HUi-  ^  ACES 

R  0  U  (  E  X  T  .UAL 

LG 

BASE  SLAT 

UAL  , 

IN) 

(  IN  ) 

<  I N  ) 

(  '  N' 

C  .  44 

E  .  E 

S.63 

0  . 

T  T  F)  1 1 ,  i\  N  E  G  C  E  3 

RGCr 

EX  TER r OR 

RAGE 

inter: cr 

3  L  A 

UALLS 

SLAF^ 

UALLS 

(IN' 

(  IN  ) 

(IN) 

(  IN  ) 

1  4  , 

1  3  . 

*  J 

■r  . 

STANrsART  LOAT  DAI- A 

,  .  ENTER  NUMT 

■\:u  or 

SOIL  LAYERS 

<0  T‘:  3 

enter  NUHRER  OF'  ST 

ECIAL  LUAL;  C 

AGES  ( 

,  1  TO  A) 

lv.>7 


IN).  L 


r'Of:  ji-EciA:.  Lu.u;  la.'^  :  .• 


cNT^iv  L!Alr>  fC!^,  JO  l.J.M’CO  ntiUJlvO 

h'.r  -l.Mi  Lu;.r  f-Ax  OJ'-.  T,‘  'Jl  : 

a:‘  DtivZCTiAN  ^':TL  .ima  S^'AA' 


c  X  »  Y  : 

;  .  r  ) 

CL  r  ' 

... 

. 

cmi  r  i 

r  i..  J/M  '  ■  '  1 

OMii  : 

!'■  1.  201'  ;  Y  1 

1 

0  1 

'415  .orc  'c 

-  .5400 

9 . 

I  • 

CO 

u 

-415.0000 

0  .  OOO'; 

■' . '  ■ 

[  • 

J 

-415 . OOOC 

O.-JOOO 

7  . 

r 

'  A 

•r> 

J 

-415.000  0 

0  .  O'-.;':) 

1  0 , 4  'J  0 

[ 

'J 

c 

-3120 . 000*0 

o  .  49  '1  O' 

[ 

27; 

-3130 .COO  0 

4  .  SOO'O' 

C 

23 

c 

-3iSC . COCO 

3 . 4  ^'^'5,: 

L 

OF 

ta 

c 

-3130. 000 'J 

4 .3300 

1  ' 

1  1 

"V 

t 

795. 0000 

- , 5400 

IC . 7100 

L 

I 

1  i 

y 

t 

-120.0000 

-  ,  5400 

10.7100 

h: 

r 

1  5 

y 

t 

795.0000 

-  .5400 

10 . 7100 

_ 

r 

15 

y 

t 

120 . 0000 

-.5400 

10. 7100 

R 

I 

1  1 

u 

- 1 6  2 . 5000 

.5400 

9 . 5400 

r 

12 

u 

-112.5000 

.  5400 

V  .  5400 

I  -'• 

IS 

(j 

-1 12.5000 

.  5400 

9 . 5400 

I' 

lA 

'j 

-112.5000 

.5400 

9.5400 

I  • 

15 

ij 

-162.5000 

.5400 

9.5400 

l; 

13 

y 

t 

375.0000 

.5400 

6 . 5400 

L 

I  ■ 

3 

y 

u 

-375.0000 

.  3750 

9 . 3750 

T  - 

14 

y 

t 

-375.0000 

.5400 

A  »  5  '4  o  0 

L- 

MEMBER 

DATA  FOR 

INUESTI3 

AT  ION 

ENTER 

NUMBER  OF 

MEMBERS 

TO  BE  INOES 

tigated 

<1  TO  13  ) 

10 

MEMBER 

DATA  FOR 

INUESTIGATICN 

ENTER 

NUMBER  OF 

MEMBERS 

TO  BE  INOES 

TIGATED 

(1  ra  13  ) 

I  8 

ENTER  8  LINES  OF  MEM:^ER  REINFORCEMENT  AREAS  CSOIN) 


MEMBER 

LEFT 

END 

CENTERLINE 

RiGur 

cn: 

NUMBER 

TOP 

BOTTOM 

TOP 

BOTTOM 

TUP 

pp- 

I 

23 

.6 

.  79 

.  6 

.79 

.  6 

.  ■'9 

[ 

24 

.6 

.  79 

.  6 

.79 

,  A 

.  'T’V 

I  • 

14 

.44 

.  44 

44 

.  4  4 

,  44 

,  4  4 

r 

15 

.  44 

.6 

44 

.  6 

.  44 

.  A 

I 

1 

.31 

.6 

31 

.6 

.31 

.  6 

I 

o 

.31 

.6 

31 

.6 

.31 

.  6 

i> 

3 

.31 

.6 

31 

.  6 

.31 

.  A 

I: 

4 

INPUT  COMPLETE. 

.31 

.  NO  ERRORS 

.6 

DETECTED. 

31 

.  6 

.31 

.  6 

BO  YOU  WANT  TO 

EDIT  INPUT 

DATA'?*  ENTER 

:  'YES' 

OR  'NO' 

I  n 

DO  YOU  WANT  INF’UT  DATA  SAOED  IN  A  FILE'?*  ENTER  YES'  OF  'NO' 

I>ri 
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LISTING  OF  INPUT  DATA  FILE  FOR  FOUR  CELL  CULUERT  INVESTIGATION 


1000  4  INVESTIGATION  OF  FOUR  CELL  CULVERT 
1010  WITH  WORKING  STRESS  DESIGN  PROCEDURE 
1020  ONE  SPECIAL  LOAD  CASE  WITH 

1030  CONCENTRATED  LOADS  ON  ROOF  AND  INTERNAl.  WATER 
1040  I  USD 

1050  4000.  40000.  150. 

1060  4  9.  0.  0.  9. 

1070  2.44  2.5  2.63  0. 

1080  14.  13.  13.  9. 

1090  0 
1100  I 
1110  20 


1120 

21 

Y 

U 

-415 . 0000 

-  .  5400 

9.9200 

1130 

^  r> 

Y 

u 

-415.0000 

0.0000 

9 . 7500 

1140 

23 

Y 

u 

-415.0000 

0 . 0000 

9 . 7500 

1150 

24 

Y 

u 

-415.0000 

0.0000 

10 . 4600 

1160 

22 

Y 

c 

-3180 . 0000 

8.4900 

1170 

23 

Y 

c 

-3180 .0000 

4.8300 

1180 

23 

Y 

c 

-3180.0000 

8.4900 

1190 

24 

Y 

c 

-3180.0000 

4.8300 

1200 

1 1 

Y 

T 

-795 . 0000 

-.5400 

10.7100 

L 

1210 

1 1 

Y 

T 

-120.0000 

-  .5400 

10.7100 

R 

1220 

15 

Y 

T 

795.0000 

-.5400 

10.7100 

L 

1230 

15 

Y 

T 

120.0000 

-  .5400 

10.7100 

R 

1240 

11 

X 

U 

-162.5000 

.5400 

9.5400 

1250 

12 

X 

U 

-112. 5000 

.5400 

9.5400 

1260 

13 

X 

u 

-112.5000 

.5400 

9.5400 

1270 

14 

X 

u 

-112.5000 

.5400 

9.5400 

1200 

15 

X 

u 

-162.5000 

.5400 

9.5400 

1290 

13 

Y 

T 

375.0000 

.5400 

6.5400 

L 

1300 

3 

Y 

u 

-375.0000 

.3750 

9.3750 

1310 

14 

Y 

T 

-375.0000 

.5400 

6.5400 

L 

1330 

0 

1340 

a 

1350 

23 

.6  , 

►  79 

.6  * 

79 

.6 

.  79 

1360 

24 

.6 

.  79 

.6  . 

79 

.6 

.79 

1370 

14 

.44 

.  44 

.44  . 

44  . 

44  .44 

1380 

15 

.  44 

.6 

.  44 

.6 

.  44 

.6 

1390 

1  . 

.31  . 

►  6  . 

31  . 

6 

.31 

.6 

1400 

2  , 

►  31 

.6  . 

31  . 

6 

.31 

.6 

1410 

3  < 

.31  . 

►  6  . 

31  . 

6 

.31 

.6 

1420 

4  , 

.31  . 

.6  . 

31  . 

6 

.31 

.6 
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PROGRAM  CORTCUL  -  DES IGN/ 1 NVeST I  GAT  ION  OF  ORTHOGONAL  CULVERTS 
date;  08/22/80  TIME;  15:33;  4? 

1.  INPUT  data 

1. A, --HEADING 

investigation  of  four  cell  culvert 

WITH  WORKING  STRESS  DESIGN  PROCEDURE 
ONE  SPECIAL  LOAD  CASE  WITH 

concentrated  loads  on  roof  and  INTERNAL  WATER 


I, B. --MODE  AND  PROCEDURE 

INVESTIGATION  USING  WORKING  STRESS  DESIGN  PROCEDURE 


I ,C. --MATERIAL  PROPERTIES 


concrete: 

ULTIMATE  STRENGTH 

= 

4000. 

(PSI  ) 

WORKING  STRESS 

= 

1800. 

(PSI  ) 

MODULUS  OF  elasticity 

= 

3 . 8E+06 

(PSI ) 

UNIT  WEIGHT 

z 

150. 

(PCF) 

reinforcement; 

YIELD  STRENGTH 

= 

40000. 

(PSI ) 

WORKING  STRESS 

= 

20000. 

(PSI  ) 

MODULUS  OF  ELASTICITY 

- 

29. E+06 

(PSI  ) 

MODULAR  RATIO  (ES/EC> 

7.163 

-GEOMETRY 
NO  OF 

CELL 

HAUNCH 

INVERT 

CELL 

CELLS 

HEIGHT 

WIDTH 

ELEV 

WIDTH 

(FT) 

(  IN) 

(FT) 

(FT) 

4 

9.00 

0 . 00 

0.00 

9.00 

14.00 
13.00 
13 . 00 
9.00 


REINFORCEMENT  COVER  (IN); 
EXTERIOR  SURFACES  =  2.44 

INTERIOR  ROQF/END  WALLS  =  2.50 


INTERIOR  BASE  SLAB 
INTERIOR  WALLS 


=  2.63 
=  CL 


THICKNESS  (IN): 
ROOF  Slab 
EXTERIOR  WALLS 
BASE  SLAB 
INTERIOR  WALLS 


DATA 


I .e . I .--STANDARD  LOAD  CASES 
NO  STANDARD  LOAD  CASES 

1 .E.2--SPECIAL  LOAD  CASES 


SPECIAL  LOAD  CASE  NO.  1 


MErt 

LOAD 

LOAD 

LOAD 

DISTANCE 

(FT) 

WEIGHTED 

NO 

DIRECT 

TYPE 

(LB) (PLF ) 

start 

END 

END 

21 

Y 

UNIF 

-415.00 

-  .54 

9.92 

22 

Y 

UNIF 

-415.00 

0.00 

9.75 

23 

Y 

UNIF 

-415.00 

0.00 

9.75 

24 

Y 

UNIF 

-415.00 

0.00 

10.46 

22 

Y 

CONC 

-3180.00 

8.49 

23 

Y 

CONC 

-3130.00 

4  .83 

23 

Y 

CONC 

-3180.00 

8.49 

24 

V 

CONC 

-3190.00 

4.83 

11 

y 

TRIA 

-795.00 

-.54 

10.71 

L 

11 

Y 

TRIA 

-120.00 

-.54 

10.71 

R 

15 

Y 

TRIA 

795.00 

-.54 

10.71 

L 

15 

Y 

TRIA 

120.00 

-.54 

10.71 

R 

11 

X 

UNIF 

-162.50 

.54 

9.54 

12 

X 

UNIF 

-112.50 

.54 

9.54 

13 

X 

UNIF 

-112.50 

.54 

9.54 

14 

X 

UNIF 

-112.50 

.54 

9.54 

15 

X 

UNIF 

-162.50 

.54 

9.54 

13 

Y 

TRIA 

375.00 

.54 

6.54 

L 

3 

Y 

UNIF 

-375.00 

,38 

9.38 

14 

Y 

TRIA 

-375.00 

.54 

6.54 

L 

--REIHFORCEnEHT 

AREAS  (SGIN) 

FOR 

INOESTIGATIDN 

HEnBER 

LEFT  END 

CENTERLINE 

R 

IGHT  END 

HO 

TOP 

BOTTOM 

TOP 

BOTTOM 

TOP 

BOTTOM 

23 

.60 

.79 

.60 

.79 

.60 

.79 

24 

.60 

.79 

.60 

.79 

.60 

,79 

14 

•  44 

,  44 

.44 

.44 

.44 

.  44 

15 

.44 

.60 

.44 

,60 

.  44 

.60 

1 

.31 

.60 

.31 

.60 

.31 

.60 

2 

.31 

.60 

.31 

.60 

.31 

.  60 

3 

.31 

.60 

.31 

.60 

.31 

.60 

4 

.31 

.60 

.31 

*60 

.31 

.60 
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SCHEMATIC  OF  CUH^EftT 


t  —  21  —  22--** — 23  —  ♦  —  24--* 

I  !  I  I  I 


I  I  I  I 

11  12  13  14 

III! 


j 

1 5 


I  f  !  I  ! 

* - 1--* 2  —  * 3 — * - 4--* 


LOCAL  COORDINATE  SYSTEMS: 

HORIZONTAL  MEMDERS:  ORIGIN  AT  LEFT  ENDf  X-AXIS  TO  RlGHTf  Y-AXIS  UP 
VERTICAL  MEMBERS  :  ORIGIN  AT  BOTTOMf  X-AXIS  UPr  Y-AXIS  TO  LEFT 

SIGN  conventions: 

POSITIVE  LATERAL  LOAD  ACTS  IN  PLUS  Y  DIRECTION 
POSITIVE  BENDING  MOMENT  PRODUCES  COMPRESSION 
ON  PLUS  Y  FACE  OF  MEMBER 

POSITIVE  SHEAR  TENDS  TO  MOVE  MEMBER  IN  PLUS  Y  DIRECTION 
POSITIVE  AXIAL  LOAD  ACTS  IN  PLUS  X  DIRECTION 
POSITIVE  AXIAL  INTERNAL  FORCE  IS  COMPRESSION 
POSITIVE  CONCRETE  STRESS  IS  COMPRESSION 

POSITIVE  STRESS  IN  COMPRESSION  REINFORCEMENT  IS  COMPRESSION 
POSITIVE  STRESS  IN  TENSION  REINFORCEMENT  IS  TENSION 
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PROGRAM  CORICUL  -  DES I6N/ I NVEST IG AT  I  ON  OF  ORTHOGONAL  CULVERTS 
DATE  S  08/22/80  TIME*.  15:34:00 

2. A. -'HEADING 

INVESTIGATION  OF  FOUR  CEIL  CULVERT 
WITH  WORKING  STRESS  DESIGN  PROCEDURE 
ONE  SPECIAL  LOAD  CASE  UI7H 

CONCENTRATED  LOADS  ON  ROOF  AND  INTERNAL  WATER 


2»B. -'SUMMARY  OF  RESULTS  FOR  SPECIAL  LOAD  CASE  1 


INVESTIGATION  USING 

WORKING 

STRESS  DESIGN 

PROCEDURE 

MEMBER  23 

LEFT  END 

centerline 

RIGHT  EN 

BENDING  MOMENT 

(  K-FT  > 

-2 . 48 

<3.04 

-4.83 

AXIAL  FORCE 

<  KIPS ) 

3.01 

3.01 

3.01 

concrete  STRESS 

(KSI  ) 

.  16 

.  58 

.  3  ' 

COMP.  REINF.  STRESS 

(KSI  ) 

.  48 

1 .08 

.  58 

TENS.  REINF.  STRESS 

(KSI  > 

2.16 

11.10 

6. 4'^ 

SHEAR  FORCE  AT  D 

(KIPS ) 

3.13 

-  2 . 9<? 

SHEAR  FS  AT  D  (ACI63) 

5 . 06 

5.29 

SHEAR  FORCE  AT  0.15LN 

(KIPS  ) 

2 .96 

'2.83 

SHEAR  FS  AT  O.ISLN  (UI440) 

3.19 

3 .34 

MEMBER  24 

LEFT  END 

CENTERLINE 

RIGHT  EN 

BENDING  MOMENT 

(K-FT) 

-3.70 

5.68 

-7  .  ^.0 

AXIAL  FORCE 

(KIPS ) 

2.59 

2.59 

2.59 

CONCRETE  STRESS 

(KSI  ) 

n  w 

.  36 

.  53 

COMP.  REINF.  STRESS 

(KSI  > 

.48 

,  77 

.  58 

TENS.  REINF.  STRESS 

(KSI) 

4.73 

6 . 53 

11.80 

SHEAR  FORCE  AT  D 

(KIPS ) 

2,65 

-3 . 46 

SHEAR  FS  AT  D  (ACI63) 

5 .96 

2 . 76 

SHEAR  FORCE  AT  O.ISLN 

(KIPS) 

2 . 49 

-3 . 30 

SHEAR  FS  AT  0.15LN  (UI440> 

3.78 

2 .93 

MEMBER  14 

LEFT  END 

CENTERLINE 

RIGHT  EN 

BENDING  MOMENT 

(K-FT  ) 

-3 . 85 

.  27 

2  .  20 

AXIAL  FORCE 

(KIPS) 

10.95 

10.44 

9.93 

CONCRETE  STRESS 

(KSI  ) 

.  48 

.  1  1 

.  2  ’ 

COMP.  REINF.  STRESS 

(KSI  ) 

0.00 

0 , 00 

0 . 00 

TENS.  REINF.  STRESS 

(KSI  ) 

3.87 

-  .57 

.  0  6 

SHEAR  FORCE  AT  D 

(KIPS) 

1  .28 

.  42 

SHEAR  FS  AT  D  (ACI63) 
SHEAR  FORCE  AT  O.ISLN 

(KIPS) 

NNNNNN 

NNNNNN 

SHEAR  FS  AT  O.ISLN  (UI440> 

NNNNNN 

NNNNNN 

'  SHEAR  FS  IS  GREATER  THAN  TEN 


NNNNNN  -  U'OF'I  440  SHEAR  PROCEDURE  DOES  NOT 
APPLY  FOR  THIS  MEMBER 


iib.3 


fieMBER  15 

LEFT  END 

CEi^rERLlNE 

RIGHT  END 

BENDING  HOrtENT  (K-FT) 

1  .47 

.17 

8.17 

AXIAL 

FORCE 

(MRS) 

5. 78 

5.04 

4.31 

CONCRETE  STRESS  <KSI) 

.09 

,04 

.67 

COMP  . 

REINF , 

,  STRESS  <KSI ) 

.50 

.  26 

.  86 

TENS. 

REINF , 

,  STRESS  (KSI ) 

-  .  04 

-.21 

13.08 

SHEAR 

FORCE 

AT  ti  (MRS) 

-I  .  1  1 

2.22 

SHEAR 

FS  AT 

D  <ACI63) 

3 . 75 

SMEAR 

FORCE 

AT  0. 1 5LN  (KIPS) 

-.80 

2  .  10 

SHEAR 

FS  AT 

0.15LN  (UM40) 

-  SHEAR  FS  IS  GRE< 

6 , 73 

^TER  THAN  TEN 

2.41 

member  1 

left  end 

CENTERLINE 

RIGHT  END 

BENDING  MOMENT 

( K-FT  ) 

2 . 64 

-4 . 00 

3 .37 

AXIAL  FORCE 

(  MPS) 

3.25 

3 . 25 

3.25 

CONCRETE  stress 

(  KSI  > 

.20 

.  42 

.  27 

COMP.  REINF.  STRESS 

(  KSI  ) 

.  49 

,08 

.  50 

TENS .  REINF  ,  STRESS 

(KSI  ) 

2.68 

10.02 

4.12 

SHEAR  FORCE  AT  D 

(KIPS) 

-2.37 

2.65 

SHEAR  FS  AT  D  (ACI63) 

6.16 

5.51 

SHEAR  FORCE  AT  0.13LN 

(MPS  ) 

-2.07 

2 . 29 

SHEAR  FS  AT  0.15LN  (UI440) 

2.13 

1 . 93 

MEMBER  2 

LEFT  END 

CENTERLINE 

RIGHT  END 

BENDING  MOMENT 

(K-FT) 

.  44 

-3 . 33 

10.55 

AXIAL  FORCE 

(KIPS) 

2.61 

2.61 

2.61 

CONCRETE  stress 

(KSI ) 

.03 

.  35 

.88 

COMP,  REINF.  STRESS 

(KSr  ) 

.  19 

.  04 

.  16 

TENS.  REINF.  STRESS 

(KSI  ) 

-.05 

8 . 49 

19.33 

SHEAR  FORCE  AT  D 

(KIPS) 

-1 .98 

4 .34 

SHEAR  FS  AT  D  (ACI63) 

4.18 

1.98 

SHEAR  FORCE  AT  0.15LN 

(KIPS) 

-1.59 

3.90 

SHEAR  FS  AT  0.15LN  (UI440> 

2 . 75 

1 . 34 

MEMBER  3 

LEFT  END 

CENTERLINE 

RIGHT  END 

BENDING  MOMENT 

(K-FT) 

6 .64 

.71 

8 . 46 

AXIAL  FORCE 

(KIPS) 

1 .01 

1  .  01 

1,01 

CONCRETE  STRESS 

(KSI  ) 

.55 

.  05 

.  70 

COMP,  REINF.  STRESS 

(KSI  ) 

-.03 

.  15 

-  .  10 

TENS.  REINF.  STRESS 

(KSI  > 

12.73 

.63 

16.46 

SHEAR  FORCE  AT  D 

(KIPS) 

-2.19 

2.71 

SHEAR  FS  AT  D  (AC163) 

3.83 

3.08 

SHEAR  FORCE  AT  0. 15LN 

(MPS  ) 

-1.90 

2.36 

SHEAR  FS  AT  0.15LN  (U1440) 

2.72 

2.18 

MEMBER  4 

LEFT  END 

CENTERLINE 

RIGHT  END 

BENDING  MOMENT 

(K-FT) 

11.89 

-6 . 48 

.  05 

AXIAL  FORCE 

(KIPS ) 

2.56 

2 . 56 

2 . 56 

CONCRETE  STRESS 

(KSI  ) 

,  99 

.  72 

.02 

COMP.  REINF.  STRESS 

(  KSI  > 

.10 

-  .71 

.  13 

TENS.  REINF,  STRESS 

(KSI) 

22 .12 

20 . 85 

-.11 

SHEAR  FORCE  AT  D 

(KIPS) 

-5.72 

3.21 

SHEAR  FS  AT  D  (ACI63> 

1 .53 

2 . 50 

SHEAR  FORCE  AT  0 . 15LN 

(KIPS  > 

-5.16 

2.59 

SHEAR  FS  AT  0.15LN  (01440) 

I  .01 

1 . 69 
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PROGRAM  CORTCUL  -  DES I GN/ I NVEST I  GAT  I  ON  OF  ORTHOGONAL  CULVERTo 
date:  08/22/80  TINE;  15:34:29 

3»A. --HEADING 

INVESTIGATION  OF  FOUR  CELL  CULVERT 
WITH  WORKING  STRESS  DESIGN  PROCEDURE 
ONE  SPECIAL  LOAD  CASE  WITH 

CONCENTRATED  LOADS  ON  ROOF  AND  INTERNAL  WATER 


3. B. --RESULTS  FOR  SPECIAL  LOAD  CASE  i 

INVESTIGATION  USING  WORKING  STRESS  DESIGN  PROCEDURE 


RESULTS  FOR  MEMBER 

23»  LOAD  CASE 

1 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

LOAD 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(  KSF  ) 

(KIPS  > 

0.00 

-  .  42 

-3.83 

3.68 

0 . 00 

3.01 

.38 

-.42 

-2.48 

3.53 

0.00 

3.01 

2.63 

-.42 

4  *  40 

2.59 

0.00 

3.01 

4.83 

-  .42 

9.11 

1 .68 

0.00 

3.01 

4.83 

-.42 

9.11 

-1.50 

0.00 

3.01 

4.88 

-.42 

9.04 

-1.52 

0.00 

3,01 

7.13 

-.42 

4.56 

-2.46 

0.00 

3.01 

8.49 

-  .42 

.82 

-3.02 

0.00 

3.01 

8.49 

-.42 

.82 

-6 . 20 

0.00 

3.01 

9.38 

-  .42 

-4.83 

-6.57 

0.00 

3.01 

9.75 

-.42 

-7.32 

-6.73 

0.00 

3.01 

RESULTS  FOR  MEMBER 

24f  LOAD  CASE 

1 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

LOAD 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(  KSF  ) 

(KIPS ) 

0.00 

-.42 

-4.88 

J.2J 

0,00 

2.59 

.36 

-.42 

-3.70 

3.05 

0 . 00 

2.59 

2.63 

-.42 

2.11 

2.12 

0.00 

2.59 

4.83 

-.42 

5.77 

1 .20 

0.00 

2.59 

4.83 

-.42 

5.77 

-1,98 

0 . 00 

2.59 

4.88 

’-.42 

5.68 

-2.00 

0,00 

2 . 59 

7.13 

-  .  42 

.  14 

-2.93 

0.00 

2 . 59 

9.38 

-.42 

-7.50 

-3.86 

0.00 

2 . 59 

9,92 

-  .  42 

-9.65 

-4.09 

0.00 

2.59 

f 


\ 


RfSULTS  FOR  rtEMBER 

14 f  load 

CASE  1 

OIST  FROH 

LATERAL 

bending 

AXIAL 

AXIAL 

left  end 

LOAD 

NOttENT 

SHEAR 

LOAD 

FORCE 

<FT) 

(KSF  ) 

(K-FT ) 

(MRS  > 

(KSF  ) 

( KIFS ) 

0,00 

0.00 

-4 , 68 

1,55 

0,00 

10.95 

0.00 

-3.85 

1 .55 

0.00 

10 . 95 

,54 

-3,85 

1.55 

-.11 

10,95 

2 . 79 

-.23 

-1,20 

.86 

-.11 

10.69 

5,04 

-.09 

.27 

.  49 

-.11 

10.44 

6.54 

-  ,00 

,93 

.42 

-  .  11 

10 , 27 

7 . 29 

0.00 

1 .25 

.42 

-  .  11 

10 , 19 

9,54 

0.00 

2 , 20 

.  42 

-.11 

9,93 

9,54 

0.00 

2.20 

.  42 

0.00 

9 .93 

10.13 

0.00 

2.45 

.  42 

0.00 

.93 

RESULTS  FOR  MEMBER 

15f  LOAD 

CASE  1 

DIST  FROM 

LATERAL 

BENDINC 

AXIAL 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

LOAD 

force 

(FT) 

(KSF> 

(K-FT  ) 

(KIFS) 

(KSF  ) 

( KlFS ) 

0.00 

.  76 

2.52 

-2.13 

0 . 00 

5.78 

.54 

.73 

1,47 

-1.73 

0.00 

5.78 

.54 

.73 

1,47 

-1  .  73 

-.16 

5 . 76 

2.79 

.60 

-  ,69 

-.24 

-  .  16 

5.41 

5,04 

.  46 

.17 

.95 

-.16 

5 . 04 

7.29 

.33 

3.35 

1 .83 

-  .16 

4 . 68 

9.54 

.  19 

8.17 

2.41 

-  .  16 

4.31 

9,54 

.19 

8.17 

2.41 

0.00 

4.31 

10,13 

*  16 

9.61 

2. SI 

0.00 

4.31 

RESULTS  FOR  MEMBER 

1,  LOAD 

CASE  1 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

AXIAL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

LOAD 

FORCE 

(FT) 

(KSF) 

(K-FT) 

(KIPS) 

(KSF  ) 

(KIFS) 

0,00 

.60 

4.31 

-3.24 

0 . 00 

3.25 

,54 

.61 

2.64 

-2.91 

0,00 

3.25 

2.79 

.65 

-2.33 

-1.49 

0.00 

3.25 

5.04 

.69 

-4.00 

.02 

0.00 

3.25 

7.29 

.  73 

-2.17 

1,62 

0.00 

3.25 

9.54 

.77 

3.37 

3.32 

0.00 

3 . 25 

9.92 

.79 

4 . 66 

3.61 

0.00 

3 . 25 

BGf) 


RESULTS  FOR  MEMBER 

2f  LOAD 

CASE  1 

DIST  FROM 

LATERAL 

bending 

AXIAL 

AJ^  I  AL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

L  OAD 

F  ORCE 

(FT  > 

(  KSF  ) 

(K-FT  ) 

(KIPS) 

.  r  sr  1 

(KIPS ; 

0.00 

.78 

1  .  49 

-2.97 

0  .  0 

2.61 

.38 

.  79 

.  44 

-  2 .67 

0 . 00 

2  .  M 

2.63 

,83 

-3.55 

-  .85 

0 . 00 

2.61 

4.88 

.87 

-3 . 33 

1 . 06 

0,00 

2.61 

7.13 

.  9  1 

1 .30 

3.07 

0 . 00 

2,^1 

9,38 

.95 

10.55 

5.17 

0 . 00 

2.61 

9.75 

.96 

12.55 

5.53 

0 . 00 

2.61 

RESULTS  FOR  MEMBER 
DIST  FROM 

3»  LOAD  CASE 
LATERAL 

1 

BENDING 

AXIAL 

AX  I  AL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

LOAD 

FORCE 

(FT  ) 

(  KSF  ) 

(K-FT  ) 

(  MRS  ) 

(  KSF  > 

(MPS  > 

0.00 

.  96 

7 . 73 

-3.07 

0 . 00 

1,01 

.38 

.97 

6 . 64 

-2.71 

0 . 00 

1.01 

.38 

.59 

6.64 

-2.71 

0.00 

1.01 

2.63 

.63 

2.07 

-1.33 

0,00 

1 . 01 

4.88 

.68 

.71 

.  1  4 

0 . 00 

1 .01 

7.13 

.72 

2 . 77 

1.71 

0.00 

1.01 

9.38 

.76 

8 . 46 

3 . 37 

0.00 

1.01 

9.38 

1.13 

8 . 46 

3 . 37 

0.00 

1  .  01 

9 . 75 

1.14 

9.80 

3 . 79 

0 . 00 

1.01 

RESULTS  FOR  MEMBER 

4»  LOAD  CASE 

1 

DIST  FROM 

LATERAL 

BENDING 

AXIAL 

AX  1  AL 

LEFT  END 

LOAD 

MOMENT 

SHEAR 

LOAD 

FORCE 

(FT  > 

(KSF) 

(K-FT  ) 

(  MPS  ) 

(  KSF  ) 

(KIPS) 

0.00 

1  .14 

14 . 49 

-7.  15 

0 , 00 

2  »  56 

.  38 

1  .  15 

11.89 

-6 . 72 

0 . 00 

2 .56 

2.63 

1  .  19 

-  .31 

-4  .  10 

0 . 00 

2 . 56 

4.88 

1.23 

-6 . 48 

-1.38 

0.00 

2 . 56 

7 .13 

1.27 

-6 . 43 

I  .44 

0.00 

2.56 

9.38 

1.31 

.05 

4 . 34 

0.00 

2 , 56 

9.92 

1.32 

2.60 

5 . 06 

0.00 

2.56 
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APPENDIX  C:  VERIFICATION  OF 
LOAD  AND  FORCE  CALCULATIONS 


Introduction 


1.  This  appendix  presents  calculations  to  demonstrate  procedures  used 
by  CORTCUL  and  to  verify  program  results.  Details  and  computer  program  re¬ 
sults  for  the  culvert-soil  systems  used  for  illustration  are  given  in 
Appendix  B. 

2.  The  remainder  of  this  appendix  is  organized  as  follows: 

a.  The  first  section  following  this  one  illustrates  conversion  of 
soil  and  structure  weights  to  applied  loads. 

b.  The  next  section  compares  member  forces  calculated  by  CORTCUL 
with  those  obtained  by  other  methods. 

_c.  The  next  section  verifies  stresses  and  reinforcement  areas 
produced  by  CORTCUL  in  the  DESIGN  mode  for  the  WSD  and  SD 
procedures . 

The  last  section  validates  stresses  and  factors  of  safety 
generated  by  CORTCUL  in  the  INVESTIGATION  mode  for  the  WSD 
and  SD  methods. 

Verification  of  Standard  Load  Cases 

System 

3.  The  six-cell  culvert  and  soil  system  shown  schematically  on  sheet 
1  of  Figure  Cl  was  designed  by  CORTCUL  for  two  standard  load  cases  (see 
pages  B28-B42  of  Appendix  B) . 

Loads  on  roof 

4.  Uniform  loads  on  the  roof  slabs  are  produced  by  moist  soil,  sub¬ 
merged  soil,  water,  and  slab  dead  weight.  Only  soil  loads  are  altered  by 
vertical  pressure  coefficients  as  indicated  by  the  tabulation  on  sheet  2 
of  Figure  Cl. 

Loads  on  vertical  exterior  walls 

5.  A  trapezoidal  variation  of  horizontal  distributed  load  is  pro¬ 
duced  on  vertical  exterior  wails  by  moist  soil,  submerged  soil,  and  water. 
Only  soil  loads  arc  aitc^rod  by  horizontal  pressure  coe f f icien t s ,  as  illus¬ 
trated  on  sheet  2  of  Figure  Cl.  Load  magnitudes  at  various  e le Li on.‘-  ar<.‘ 
compared  on  sheet  J  of  Figure  Cl. 
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Figure  Ci .  (sheet  J  of  J) 


C4 


6. 


The  input  data  to  the  computer  program  (see  page  B33)  specify  a 
uniform  distribution  of  base  pressure.  The  program  generates  a  uniform 
base  pressure  necessary  to  equilibrate  the  total  load  on  the  roof  plus  the 
weight  of  the  vertical  walls,  as  illustrated  on  sheet  3  of  Figure  Cl. 

Verification  of  Member  Forces 


System 

7.  The  six-cell  culvert  designed  by  CORTCUL  {pages  B28-B42)  and  the 
final  design  forces  for  Load  Case  2  (1.5  to  0.5)  are  used  in  this  illustra¬ 
tion.  Final  design  dimensions  and  loads  (converted  to  units  of  pounds  and 
inches)  are  shown  schematically  on  sheet  1  of  Figure  C2. 

Methods  of  analysis 

8.  A  plane  frame  structural  model  of  a  1-ft  slice  of  the  culvert  is 
used  by  CORTCUL  for  analysis.  Joint  locations  and  member  identifications 
used  in  this  comparison  are  shown  on  sheet  1  of  Figure  C2.  Joints  are  de¬ 
fined  at  intersections  of  the  center  lines  of  vertical  and  horizontal  walls 
and  slabs.  Additional  joints  are  defined  in  the  vicinity  of  wall-slab 
intersections  to  account  for  the  effect  of  member  sizes  in  these  locations. 
Member  segments  near  wall-slab  intersections  are  treated  like  ricjid  lengths 
(see  pages  33-39  of  the  main  text)  .  Additional  rigid  iouqths  art?  usr-d  at  tlie 
exterior  corners  of  the  structure  to  account  for  loads  applied  beyond  wail- 
slab  center  line  intersections.  Flexible  members  are  assigned  cross- 
sectional  areas  and  moments  of  inertia  consistent  with  the  dimension  of  the 
i-ft  slice  of  the  culvert. 

9.  Member  forces  obtained  by  CORTCUL  are  compared  wiUi  Uie  following 
methods : 

a.  CFHAJ'IL*  with  riejid  lengths.  Ritud  it?:igths  as.sin'ned  moduli 

of  elasticity  equal  to  1000  times  tiie  parent  material  proper¬ 
ty.  Program  output  is  shown  in  Table  Cl. 

b.  Cl'iOVU.  without  i;i<ji*i  J(uigl}is.  All  ]i;t  mtOjk  u.  n  tli*- 

material  modulus  of  elasticity.  Program  output  is  sliown  in 
Table  C2. 


*  CFRAML  is  docume'nt(-ei  in  "Us(?r*s  Guide:  Com^juter  Program  wit/i  I  liter  ac¬ 
tive  Graphics  for  Analysis  of  Plane  Frame  Structures  (CFRAML),”  Instruc¬ 
tion  Report  ()-79-2,  March  1979,  Waterways  Lxporiment  Station. 
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Table  Cl 


Output  from  Program  CFRAME  for  Six~CeXl  Culvert 
With  Rigid  Links 
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040.no 

B'l  ,  00 

—  -  -  f  L  X  I  1  Y 

X  Y  K  KX  l^  Y 


♦  *  * 

*  * 

((>;nt  1  nu»‘0 ) 


t  in 


Table  Cl  (Continued) 


♦  Ml  htie  K  unr A 


ENH 

E  rt£i 

rtf  MBF  R 

A 

h 

L.t  Nb  I  H 

I 

A 

AS 

E 

1 

1 

4 

b  .  00 

.  1  778F  404 

.  1  440E407 

0. 

. 7H74E  410 

I'' 

4 

9 

7  .  bO 

.  177HE404 

.  1440F;403 

0. 

.3874+410 

9 

1  1 

76 . 7b 

.  1778F:404 

.  1440F:403 

0. 

. 3874E  407 

4 

1  1 

17 

7.75 

.  1778F  404 

.  1440E403 

0. 

. 3834E  4  10 

s 

1  J 

1  7 

7 . 75 

.1778E404 

.  1440t4  03 

0. 

. 38 74L  4  10 

0 

1  7 

1  9 

76  .?j0 

.  1778E404 

.  1440E403 

0. 

.3834+407 

7 

19 

71 

7 . 7  5 

.  177BF  404 

.  1  440F:4  07 

0. 

. 3834+410 

8 

1'  1 

7fj 

7 . 75 

.  1  77BE 404 

.  1440F.403 

0. 

. 3834+410 

9 

--)t 

7  7 

7  6.50 

. 177Bf 404 

.  1440F403 

0. 

.3834+407 

10 

?7 

7  9 

7.75 

.  1  77HE4  04 

.  1440E403 

0. 

.3834++10 

1  1 

i 

4 

6 . 00 

.  lOOOF.  404 

.  170<)t403 

0. 

. 3834E+10 

1 

4 

^ .  00 

.  1000E404 

.  1700F:403 

0. 

.3834E+10 

1 

1 

14 

7 . 00 

.  7790F  407 

.  10B0E403 

0. 

.3834+410 

1  4 

7  1 

7  7 

7 . 00 

.  7790E  403 

.  1080E  +  03 

0. 

.3834+.+  10 

1 

1^9 

70 

7 . 0  0 

.  7790K403 

.5400F  +02 

0. 

. 3834++10 

1  /> 

S 

6 

7 FI .  00 

.  lOOOF.  4  04 

.  1 700F  407 

0. 

.3834+407 

t  / 

1  4 

1 

c 

c 

.  7790E  407 

.  lOBOE 403 

0. 

.3834E407 

IH 

? 

7  7 

7H  .  00 

.  7790E  407 

. 1  OBOE  4 03 

0. 

.3834E+07 

1  V 

70 

71 

78.00 

. /790f  4  07 

. 5400E402 

0. 

,3834++07 

7, 

7 

^  .  00 

.  J  OOOF  404 

.  1  700E  403 

0, 

.3834E+10 

:■  1 

1 

1  <S 

7 . 00 

. 7790E 107 

.  1080E403 

0. 

.3B74+410 

7  < 

7  4 

7 . 00 

.  7790F  407 

.  1  OBOE  403 

0  . 

.34d34E410 

i  1 

^  7 

^  .  00 

.  77901  4  0  5 

.  5400E  407 

(; . 

. 3834+4  10 

74 

7 

7 

5 . 00 

.  1 778E  4  04 

.  1  4  4'OE  407 

0  . 

. 7834+410 

/ 

to 

7 . 50 

.  1  /7IU  4  04 

.  1  440F  4  0  7 

0  . 

.  3B  744  4  1  0 

i  0 

1  *’ 

/&>  .  75 

, 1 /78F  404 

.  1  4404  4  07 

0  . 

. 38744  4  0  7 

1*  7 

1  7 

I  0 

7 . 75 

.  1  778F  4  04 

.  1  4404  4  07 

0  . 

,  3B74F  4  1  0 

1  0 

1  8 

7 . 75 

,  1  778E  4  04 

.  1  440F  407 

0  . 

. 7H74F  4  10 

?9 

1  8 

70 

^6 . 5g 

.  1  /7FH  4  0  4 

.  1  440F  4  07 

0  . 

. 7874E  40  7 

^0 

70 

7  4 

7 .75 

.  1  77B4  4  04 

.  1 440E  407 

0  . 

. 7B74E  4  1  0 

.<  1 

7  4 

7  A 

7 . 75 

,  1  7784  4  04 

.  1440E  403 

0  . 

. 3B74F  410 

70 

7(4 

76.50 

.  .  7784  404 

.  1 440E  407 

0  . 

. 7H7  44  4  0  7 

78 

7  7 

7 . 75 

.  1  77Bf  404 

.  1  4404  4  07 

0  . 

. 7B  ^44  ♦  1  0 

.^4 

7 

H 

6 . 00 

.  1  OOOF  4  04 

.  17004  40  7 

0  . 

.38741  410 

G 

.  I'jVBt  4  10 
.  1  'jVGG  4  1  0 
.  lf.98F  40  7 
.  1  ^.VBF  4  10 
.  1 ^V8E  4  1  0 
.  I 59flf  40  7 
.  If.Vttt  4  1  0 
.  lt>98t  4  1  0 
. 1 t9Bt  40  / 
. IGVbt  4  10 
.  l!:;98t  4  1  O 
,  1G98F;4  10 
.  IfjVet  410 
.  l^i98E4lO 
, 1598E4 10 
.  l^i98E4  0? 
.  lf»9aE  40  7 
.  1  ^j98F  40  7 
.  1 G98E  4  07 
.  1  "W8E  4  1  0 
.  1  'WSF  4  1  0 
. lGV8t  i  1  0 
,  1  ‘^-981  4  1  0 
,  1S9  8F  4 10 
.  1  ^98F  4  1  0 
.  1  fjVBF  4  0  7 
. 1G9HF  4 1 O 
.  1  S9BF  4  1  0 
,  1  ‘;VBt  407 
.  lliVBF  4  1  0 
.  I  jVBF  4  1  0 
.  1 S9BF  4  0  ' 
.  lf-9BF  4  1  0 
.  1  'jVBF  4  1  0 


(Con t.  i nuod ) 
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Table  Cl  (Continued) 


♦  **  LOALi  CASE  1  DATA 


MEMBER 

LA 

PA 

LB 

PB 

ANGLE 

1 

0.00 

-.2876E+03 

5.00 

-.2876Et03 

0.00 

2 

0.00 

-.2876E+03 

2.50 

-.2876E+03 

0.00 

3 

0.00 

''.2876E+03 

76.75 

-,2876E+03 

0.00 

4 

0.00 

-.2876E+03 

2 . 25 

-.2876E+03 

0.00 

5 

0.00 

-,2876E+03 

2.25 

-.2876E+03 

0.00 

6 

0.00 

-,2076E+O3 

76.50 

-.2876E+03 

0.00 

7 

0.00 

-.2876E+03 

2 . 25 

-,2876E+03 

0,00 

8 

0.00 

-.2876E+03 

2.25 

-.2876E+03 

0.00 

9 

0.00 

-.2876EE03 

76.50 

-.2876E+03 

0.00 

10 

0.00 

-.2876E+03 

2.25 

•>.2876E  +  03 

0.00 

11 

0.00 

.  1728E-f03 

6.00 

.  1688E  +  03 

0.00 

12 

0.00 

.  1688E+03 

3.00 

. 1668E+03 

0.00 

16 

0.00 

.  1668E+03 

78.00 

. 1157E+03 

0.00 

20 

0.00 

.  1157E  +  03 

3.00 

.1137E+03 

0.00 

24 

0.00 

.2778E+03 

5.00 

.2778E+03 

0.00 

25 

0.00 

.2778E+03 

2.50 

.2778E+03 

0,00 

26 

0.00 

.2778E+03 

76.75 

.2778E+03 

0.00 

27 

0,00 

,2778E+03 

2.25 

.2778E+03 

0.00 

28 

0.00 

.2778E+03 

2.25 

.2778E+03 

0.00 

29 

0.00 

.2778E+03 

76.50 

.2778E+03 

0.00 

30 

0.00 

.2778E+03 

2.25 

.2778E+03 

0.00 

31 

0.00 

.2778E+03 

2.25 

,2778E+03 

0.00 

32 

0.00 

.2778E+03 

76.50 

.2778E+03 

0.00 

33 

0.00 

,2778E+03 

2 . 25 

.2778E+03 

0.00 

34 

0.00 

.1137E+03 

6,00 

. 1098E+03 

0.00 

JOINT 

FORCE  X 

FORCE  T 

MOMENT 

4 

0. 

'.7500E+03 

0. 

13 

0. 

-,6750E+03 

0. 

21 

0. 

-.6750EF03 

0. 

29 

0. 

-.3375E+03 

0. 

(Cent inued) 


Table  Cl  (Continued) 


LOAD  CASfc:  I 


hthtiCR  f.Ni:i  KGRfJtlS 


hRMbLK  JOINT  AXIAL 


SHLAR  MOMENT 


MOMENT 

EXTREMA  lOCAIKJN 


1 

1 

0, 

- . 1236E-04 

-,7177E-04 

. 3t941 +04 

t.OO 

4 

0, 

*♦ 1438E+04 

.  3t94tl04 

-♦  7172E-'04 

0.00 

4 

-  .  ;tj88E  +  04 

- . 1 101 E+Ot 

.  1  1901:  +0A 

.  11901  +  06 

0.00 

9 

- ♦ /588E+04 

.  1079t:  +0t 

,9743E+05 

.97431  +()t 

7.  to 

V 

- . /t88EE04 

-  . 1079t  +  0t 

. 9743E+05 

.  14971 +06 

7  6. 7 1 

1  I 

- . /^B8E+04 

-.11781 +0t 

. 1 497E+06 

- , 9161E+0t 

3t.  31 

A 

1  1 

-  .  7t>88F>04 

. 1 1 78E+0t 

. 1497E+06 

. 17691+06 

-.7t8HE+04 

- . l743E+0t 

,  17691. +0A 

. 14971+06 

0 . 00 

o 

” . /768E+04 

- . 1 19tt  +0t 

. 18141+06 

.18141 +06 

0 . 00 

1  / 

- . 776aE+04 

.1131F+0t 

. ltt71+06 

. 1 tt71 +  06 

'  J  '  >  *- 

6 

1  / 

- ,7/A8t  +04 

1131E+0t 

.  ltt7f;+<)6 

.  15t:?l+06 

0.00 

1  9 

- . 776BEf04 

-  .  I069t:  lot 

.131 71 +06 

-.67071 +0t 

39  .  78 

/ 

19 

-.7768F+04 

. l06VE+0t 

. 13171+06 

,  156tl:  +06 

7 . 7t 

::  1 

.  77A8E  +  ()4 

- . 1 134E+0t 

. 1 t6tE+06 

.  1  317T  +06 

0 . 00 

B 

1 

.  78  /.?E  +  ()4 

- . 1 l61E+0t 

. 16161 +06 

.  .1  61  61  i  06 

0 . 0(^ 

- . /877E+04 

. 1096E+0t 

.  13671  +  07. 

.  1  3671  +  06 

7 , 7t 

V 

.  78  77E  T-04 

- . 1096E+0t 

.  1  36  71  f()6 

, 1 3891+06 

76.  to 

*- ,  /H/7E  +  04 

-  .  n  0  31  ^  Ot 

. 1 3891 +06 

-. 77871 +0t 

38. 7t 

10 

--  .  f()4 

. } 103E+0t 

. 13891 +06 

.16441  4  06 

:’9 

♦  78771  +04 

. 1 168E+0t 

. 16441 +06 

, 1 3891 +06 

0 , 00 

1  t 

0  . 

0  . 

.  17901  -  04 

■■  .  It901  -  0  4 

O.OO 

4 

0. 

.  l07tE  +  04 

■ . 30a6E+04 

- ,30861 +04 

6  .  Ok) 

1  J 

4 

-  .  1  1  7  01  +(n, 

.  6t63t  +04 

. 1 l8tE+06 

.  99611  +(Jt 

3 . 00 

t', 

-.11  701.  t  OL 

,  60A0L:  f  04 

. 99611  fOt 

-  ,  1  *  Btl  +  O.*) 

O  .  k>(' 

t  5 

-  .  ?7  7U:  +  0!:/ 

. 1 7981  f03 

. 4438E+04 

-  .  >+8981  4  04 

3 . 00 

14 

. 7371 E lot 

.  1  7981-  103 

'  . 3898E  +  04 

,  4  4  381  +04 

0 . 00 

J  A 

1 

,  jjJBi:  1  jt 

.  1  0441  1  03 

. t096l  +04 

.  4  7871  4  04 

3  .  OO 

j  j 

-  .  77781  lot 

.10441  103 

-  .  4  7871-  +04 

.t096t  404 

0  .  Ok'i 

1  ‘j 

JV 

♦  1  1  3  41  lot 

0  . 

0  . 

0  . 

0  .  ()(' 

J.o 

■ » 1 1 34E lot 

v)  . 

0  , 

0  . 

0 . 00 

1  .S 

-.11  701  lOt 

.  6  '>)  A  0 1  1(^4 

.  yV6  1 1  fO!/ 

.  1  6  +  31  4  0V» 

+  9 . 00 

A 

.11  /(n  1  ot 

.4Vt8l  l(-'4 

. 87t81  +0t 

. 996 11  +  Ot 

0  .  k)0 

1  ' 

1  4 

..,‘3/11  1  ot 

.  1 

.  3HVHI  f  0  4 

.  1  kM  71  1  i 

4  4  ,  i  )k) 

1 

.  7  3  7  1  1  +0‘  . 

.  1  7VMI  1  Vi  < 

.10  1  71  +  0  1 

.  MlVHl  4  04 

O  .  OO 

1 

JJ 

.  7  7. .'HI  lot 

.  10441  f  ('3 

-  .  4  /H7l  1  04 

.  3  +671  4  04 

/'  8 . 0  kJ 

i  » 

.  77781.  t  ot 

.  1  0441  1  k)  3 

.  3  36  71  1  0  4 

.  4  '  8  7 1  4  0  4 

0 . 0<> 

1  V 

M) 

.  1  1  341  1-ot 

0  . 

0  . 

(> . 

0  .  k)0 

^  1 

.  {  1  341  1  Ot 

o . 

0  . 

0  . 

'7  .  k‘v'i 

Ju 

A 

.11  701  1  Ot 

. 49t81 1 04 

-  .  87781  +()t 

.  87tHl  4  u‘ , 

k)  .  o>  ■ 

(i  'on  1 1  nu<-d  ) 


(']  i 


1’  ab  i  o  C  i  ( Co  n  c  i  ud  e  d ) 


L 

1  J 

.  1  J  ^(8  i  '-'2 
.  2 3  /  U 

.  2  30.’E  +-0  4 
.  1  /VHt  +0  ? 

J  r. 

,  2  3  M  CT  02 

.  \  ./9iiL  +  0  3 

2  3 

«  2  2  28i  ^  ‘2", 

.  U>  4  4  +  +0  ^ 

.’4 

-  .  022HK  f 02 

^  .  1  044+  +03 

3  1 

.  11341  +02 

0. 

5  2 

,11  <4E  +  0^, 

0  , 

0  . 

. 207BI  -04 

/ 

0  . 

. 1 3BVfc.404 

/ 

, 29  72E  3  04 

.10311 402 

1  0 

.2V/2t  +04 

.  V  6  L /'  4  0  4 

>  .• 

!  W 

' ,  2  9/21  +  0  4 

.76  12/  +‘'4 

i 

2  9/2/  f  04 

.  1  1  7 OK  402 

'<  / 

I 

,29  7.'Kf04 

-  .  i  l70f  40!; 

1  ^ 

.  29/2/304 

,  1  23:U.4  02 

I’H 

1  6 

-  «  2/V2t  4  04 

.  1 1 38K  +02 

1  B 

-  .5/9  2/: 404 

^ . l0/5t 405 

27 

t  B 

.2/92t:  +  04 

, 1 0;5K  +05 

?0 

-,5792E404 

. t050K  4  05 

30 

20 

-  .2/92t:+0  4 

- . i050t  +02 

2  4 

,5792/404 

.  1  1  121-  4  02 

31 

2  4 

-.56HBR404 

. 1 1 12K405 

2  6 

- .56BBr404 

- .1053/405 

32 

26 

' .56BBE  404 

.  1 05 3t  402 

2H 

^,568BE404 

.  1 0/2+  402 

33 

28 

-,26B8TT 04 

.10/2^402 

32 

.2688/404 

.  1  1  :^4K  +05 

34 

/ 

0. 

.6703/:  403 

8 

0. 

0. 

' ,9/98/ +02 

,  9  /9vjl  +  62. 

.  +  0  1  21  +  '32 

.  1  '.’6  6t  +  O'  ‘ 

.  i  ;  6  +  u'  2 

.  J  ‘v»  1 ,0  +  :>2 

,  3  36  2+'  4  0  4 

.  f6  J  +  K'4 

.  36  /2+  4  04 

.33.62+  +04 

o 

0  , 

0  . 

0  . 

6  . 

- , lOBlt  -  0  3 

-  .  L  0+4  I  +  ' 

- , 34 /2K  4  04 

.  34  /I  +  ','4 

,  9942+  4()2 

.  '42*2  -t  r-V. 

.  7  42'  >K  4  02 

■  .9  942+  4  0  2 

,  /425I  4()5 

. 91  /21  +  05 

- , 1 548K  4  06 

-  .  1  2  4HI  +^>6 

-  ,  15  4BK  4  06 

.  1  5  4  8+  4  Or. 

0 

,1+1 1  9+  4  06 

-  .1+11  9!-  +  06 

-  .  1 71 2K  406 

.1463+4  0.6 

146:^K  +06 

■■  .  1  /  I  2+  +  '06 

,  1 46 3 1  4  06 

.  6  1  ■*  M  4  02 

,  1:U6+'406 

-.14604  Or. 

“ 

-  .  1 366+  406 

,  1 366+  4  06 

0 

-  ,  1609+.  406 

. 1 609+  +06 

- .  i 5/2r  +  06 

■  .  1  32+4+  4(;r. 

- .  1  +  0  6 

,1*1  '.'i  ♦  (>6 

0 

.  l  3/H+  +  66 

.66/6t  4  0'.> 

Ui 

.  1 400K  4  06 

■  .  1 400+4  06 

/6 

,  1400/406 

,1400+  4  06 

o 

-  ,  16484  406 

.  1  64+4+  +06 

-  .  1999K404 

- . 2606+  04 

<*) 

■',2606+  04 

,  197  91 4  04 

0 

JOINT 

29 

32 


STKUOUJKL 
FOKCE  X 

,  /B72E  +  04 


REACT  IONS 
KORCt:  Y 

.  3694?.  '  01 
.  -03 


hUNtNT 

.1644tT06 
.  1  A4BE  +  06 


TOrAl  ".1356K  +  0f)  '.36B2E'01 


Cl4 


Table  C2 


Output  from  Program  CFRAME  for  Six-Cell  Culvert 
Without  Rigid  Links 


t  ^  ♦  -  ♦  -  *  ♦  *  -  ♦  * 

^  V01.05  OAJUl  /V 


kUN  VAlE  ^  BO/n/.M. 

KUN  MMK 


I  f  soitiruiN  h  OK'  six  okll.  culvert 

l»tSIONfIi  HY  LiMvH  111  P  KUR  1.5  TO  0.5  LOADING 
iKAht  SOLDI  ION  WITHOUT  KIGID  L  INKS 
*♦%  JUINI  L1AIA 

- LIXITY - 

JOINT  X  Y  X  Y  R  NX  KY  KK 


1 

-5.00 

0.00 

:> 

'5.00 

84.00 

X 

0.00 

-6.00 

4 

0.00 

0.00 

s 

0 . 00 

3.00 

6 

0.00 

81 . 00 

/ 

0.00 

84.00 

0 

0.00 

90.00 

V 

2.50 

0.00 

iO 

2.50 

B4.00 

11 

79.25 

0.00 

12 

79.25 

84.00 

tJ 

&1 .50 

0.00 

14 

B1 .50 

3.00 

IS 

81 .50 

81 .00 

16 

B1  .50 

84.00 

1  z’ 

83. 75 

0.00 

18 

83. 75 

84.00 

IV 

160.25 

0.00 

?0 

160.25 

84 . 00 

21 

162.50 

0.00 

">'> 

162.50 

3.00 

162.50 

81.00 

2A 

162.50 

84.00 

CS 

164.75 

0.00 

?6 

164.75 

84.00 

241 . 25 

0.00 

:>8 

241 .25 

84.00 

29 

243.50 

0.00 

TO 

243.50 

3.00 

31 

243.50 

81 .00 

3L' 

243 . 50 

84.00 

(Continued) 


CIS 


Table  C2  (Continued) 


*¥♦  MthbfK  lAIA 


Mh/itKK 

tNLi 

A 

LND 

b 

LENGTH 

1 

A 

AS 

E 

G 

1 

1 

4 

5.00 

.  1 728E  +  04 

,  1440E+-03 

0. 

. 3834E+07 

. 1598+  +  07 

4 

9 

2.50 

.  r728E  +  04 

.  1440E  +  03 

0  . 

.3834E+07 

.  1598+:  + 07 

3 

9 

1  1 

76.75 

.  1  728E  +  04 

.  1440E  +  03 

0. 

.3834E+-07 

.  1590E  +  O7 

A 

1  1 

13 

2.25 

.  r728E  +  04 

.  1440E  +  03 

0  . 

.3834E+07 

.  1598E+07 

S 

13 

1  7 

2.25 

.  1  72BE304 

.  1440E  +  03 

0  . 

. 3834E+07 

.  1598E  +  07 

6 

1  7 

19 

76.50 

.  1 728Ef04 

.  1 440E  +  03 

0. 

. 3834E+07 

.  1598E  +  07 

7 

1  9 

21 

2.25 

.  1  728E  +  04 

.  1440E+03 

0. 

.3834E+07 

.  1598E  +  07 

y 

21 

25 

2  *  25 

.  1  728E  +  04 

.  1440E  +  03 

0. 

.3B34E+07 

.  1 5VBE  +  07 

y 

2  o 

27 

76.50 

.  1728E  +  04 

.  1440E  +  03 

0. 

. 3834E+07 

.  1598E  +  07 

10 

2  7 

29 

2.25 

.  1728E304 

.  1440E  +  03 

0. 

. 3834t+07 

.  1598E  +  07 

1 1 

3 

4 

6.00 

.  1000E304 

,  1200E  +  03 

0. 

. 3834E+07 

.  1 598E  +  0  7 

1? 

4 

5 

3.00 

.  lOOOE  +  04 

.  1200E  +  03 

0. 

.3834E+07 

.  1598E  +  07 

13 

13 

14 

3.00 

,7290E+03 

,  1080E  +  03 

0. 

. 3834E+07 

.  159  8E  +  0  7 

14 

21 

0 

3.00 

. 7290E+03 

.  1080E  +  03 

0. 

. 3834E+07 

.  1598E  +0  7 

29 

30 

3.00 

.7290E+03 

.5400E+02 

0. 

. 3834E+07 

.  1598E+07 

16 

t< 

6 

78.00 

.  1000E304 

,  1200E  +  03 

0. 

, 3834E  +07 

,  1598E  +  07 

17 

1  4 

15 

78.00 

. 7290E+03 

.  1080E  +  03 

0. 

. 3834E+07 

.  1  598E  +07 

IB 

op 

23 

78.00 

.  7290E  +  03 

.  1080E  +  03 

0. 

, 3834F+07 

.  1598E  +  07 

ly 

30 

31 

78 . 00 

. 7290E+03 

.5400E+02 

0. 

. 3834E+07 

.  1  598+:  +0  7 

IIO 

6 

7 

3.00 

.  1000Ef04 

.  1200E  +  03 

0. 

, 3834E+07 

.  1598E  +  0  7 

Pi 

15 

16 

3,00 

.  7290E  +  03 

.  1080E  +  03 

0. 

. 3834+  +07 

.  1598E+07 

on 

23 

24 

3,00 

.  7290E  +  03 

.  1080E  +  03 

0. 

. 3834E+07 

.  1 598+  +07 

?3 

31 

32 

3.00 

. 7290E  +03 

.  5400t  +  02 

0. 

. 38341 +07 

.  1598+  +07 

?4 

o 

7 

5.00 

.  1  728E  +  04 

.  1440E+03 

0. 

. 38341 +07 

.  1 598E  +  0  7 

2f> 

7 

10 

2.50 

.  1728E  +  04 

.  1440E+03 

0. 

. 38  34E  +  0  7 

.  159BE  +  07 

26 

10 

12 

76 . 75 

.  1  728E+04 

.  1  440E  +  03 

0. 

. 3834E  +07 

.  1 598E+07 

2  7 

12 

16 

2 . 25 

, 1 728E  f04 

.  1440E+03 

0. 

. 3834E+07 

.  1598E  +  07 

28 

16 

18 

1’  ,  25 

. 1 728L+04 

.  1440E  +  03 

0. 

.3834E+07 

.  1598+  +0  7 

29 

1  B 

20 

76.50 

. 1728E+04 

.  1  440E  +03 

0  . 

. 3834E  +07 

.  1598+  +  0  7 

30 

20 

24 

2 . 25 

, 1  728E  f 04 

.  1  440E  +03 

0. 

. 3834E+07 

,  1 598+  +  0  7 

:.n 

24 

26 

2 . 2 

. 1  728t  +04 

.  1  440E  +03 

0. 

. 3834E  +07 

.  1 598+  +  0/ 

32 

26 

28 

76.50 

.  1  ;?28E,  +  04 

.  1  440E  +  03 

0  . 

. 3834+  +0  7 

.  1  59+++  +  0  7 

3  3 

2B 

32 

2.25 

.  1728E+04 

.  1440E  +03 

0  . 

. 3834E  +07 

,  1  598+: +  0/ 

3  4 

; 

B 

6 . 00 

.  1 OOOE  104 

.  1 200+  +03 

0  . 

. 3834+  +0  7 

.  1 598+  +07 

(Cunt inued ) 


r\(> 


Table  C2  (Continued 


*  *  ♦  i  u  I.I  L  A  s  L  1  f' A  1  A  +  *  * 


/nLrtj't  K 

la 

r-A 

1 

0 . 00 

-..’B76E;+03 

:> 

0 , 00 

-  .  38761  +  03 

s 

0.00 

-  .  38  '?6t:  +  03 

A 

0 . 00 

-  .38761^03 

‘l, 

0 . 00 

.  38 76E +  0  3 

0 . 00 

~  .38.^6+  fOJ 

0.00 

-  .3B76E  +  03 

0.00 

-  .  38  76t  K)  3 

y 

0 . 0  0 

-  .  38761  +  03 

1  0 

0 . 00 

-  ,  28761  +  03 

1 1 

0.00 

.  17381  +  03 

1 

0.00 

.  16881  +  03 

1 A 

0.00 

.  16681  +  03 

yo 

0 . 00 

.  1  15  71  +  03 

0.00 

. 37781+03 

0.00 

.  37781  +  03 

26 

0 . 0(^ 

.  37781  +  03 

27 

0.00 

.  37781  +  03 

2S 

0 . 00 

.  27781  +  03 

29 

0 . 00 

.  27781  +  03 

SO 

0.00 

.27781+03 

.31 

0.00 

.  27  781  +  03 

3? 

0.00 

.27781+03 

3  3 

0.00 

. 27781+03 

34 

0 . 00 

.  1  1 371+03 

JUINT 

y  0181  X 

1QR81  Y 

4 

0  . 

.  75001  +  03 

1  3 

0  . 

-.67501+03 

3  1 

0  . 

-  .  67501 f 03 

3V 

0. 

33^51  +  03 

Lh  l-'l  ANbL  L 


5 . 00 

,15:87  6!  +0  7, 

0 , 00 

3.50 

. 28  761 +03 

0.00 

7  6.  / j 

'  ,  28  76!  +03 

0.00 

^  ’  .  3  5i 

■  .  38  761+03 

0 . 00 

.  3  5 

-  .  28  761  I  03 

0 . 0  0 

76 . 50 

.2B76l-t0  3 

0  .  O-.J 

.28761+0^ 

0  .  (>'■.) 

3 . 2  5 

.  28  7  61  03 

0 . 00 

76 . 50 

.28761+03 

0 . 00 

2  ♦  2  5 

-  .28  761  +  03 

0.00 

6 . 0  0 

.  16881  +  03 

0 . 00 

3 . 00 

.  16681  +  03 

0 . 00 

78.00 

.  1  1571 +03 

0.00 

^ .  00 

.  1  1  371  +  03 

0 . 00 

5.00 

.27781+03 

0.00 

2 . 50 

. 27781+03 

0 . 00 

76. 75 

.  27  781+03 

0 . 00 

2.25 

.  :V^8t  +  03 

0 . 00 

^  ’  ’  5 

.37781+03 

0.00 

7  6.50 

.  3'/'781  +  03 

0 . 00 

2  ♦  2  5 

.  37  7HE  +  03 

0 .  0 

5 

. 37781+03 

0 . 00 

76.50 

. 37781+03 

0,00 

2 «  25 

. 3  7 78F  +03 

0 , 00 

6.00 

.10981+03 

0 . 00 

MOhtNT 

0  , 

0  . 

0  ♦ 

0. 


((’on  tin  uov:]) 


Table  C2  (Continued) 


LOAi:(  CASE 


Mt  MSt  K  k:NIi  I-  OKCt  ' 


rtHF  R 

jLt !  N  r 

AXIAL 

SHEAK 

MUMb.,N  1 

E  X  fkb  MA 

[  (  II  A  I  ! 

1 

1 

0  . 

0  . 

0  . 

,  3'  jV4b  b  (;4 

S.  ,  0  0 

4 

0  . 

.  i43Rt  +04 

.  3SV4b.  b  04 

0  . 

0 , 00 

4 

«  f  04 

-  .  1  i  06t  b()S 

.  I  1  7Bb.  bOA 

.  1  ! 7Lb  b  w6 

0  ,  ( '  <-> 

V 

-  .  /5H3t:d04 

.  I  0  3  4F  bOS 

.  B7jO:1  b  b  OS 

.H60U  Hy;> 

7  .  SO 

d 

\? 

,  /CB3t  f04 

■  .  L034E  +0S 

»B60U  b  OS 

,  1  3  9  U  b  0  6 

7  6  .  7  S 

1  j 

• .  ;nH3t  :  104 

-.11  /3+  b  0‘ . 

.1391 1  b  06 

-.yyv^.t  bOV. 

C  -  .  ^  1 

1 

1  1 

-  .  /‘)B3b  f04 

. 1 1 73E+0S 

.  139  1+  +  06 

.  166  7b  b  06 

7  .  76 

1 

.  /'  .H3fc;  +  0  4 

,  1  L37f..bOS 

.  1  66  7b'  +06 

.  1  39  U  b  07. 

0  . 

1  3 

,  //hOCiOA 

.  n.  VLL  b  OS 

.  1  7  0IJb.  +06 

.  1  7(jnb  b  06 

(• , 

1  y 

.//V>0ti04 

.  1  liS/t  bOS 

.  L  44Hr  b  06 

.  1  44Hb“  b  06 

0. 

1  ^ 

.  //60t. i0  4 

■  .  1  IC/F  bOL. 

.  1  44Bb  b  06 

.  1  4  48b’  b  06 

0  .  Ot> 

\  V 

.  //60E:  f04 

.  iO  /'XL  b  (L:- 

.  1739b  b  06 

-  .  7  6()yb  +<)S 

^  9  .  8 

/ 

1 

.  /  /60h +0  4 

.  L073t+0S 

.  1 739+  +06 

.  1  4b+8f  b  06 

7  ,  O'.j 

C  i 

,  /360E  +  04 

.  t  I  3  7t.  fOS 

.  1 488+  +06 

. 1 739K ) 06 

0 , 0  0 

! 

-  .  04 

.  1  1  03F  f OS 

.  IS3  7t  +06 

.  iS3  /b  b  0  6 

0 . 0 

cs 

.  /HA3F  +04 

.  l.()9R+  +oL, 

, 1783+  +  06 

.  1 7  8  3+  b  06 

.  7S 

V 

J 

.  ^fc}63L  +  04 

.  LOVHt:  +0S 

.  1 7H3  +  b  0  6 

.  1 796b  b  06 

>6  .  ‘.M. 

.*  / 

»  /  H  6  3  b  f  0  4 

.11  0  7t:  +()V) 

.  1 79  6+  +  06 

-  .  B  I  40b  b  v7. 

.  7'. 

1 

/ 

.  /y\6M  f(J4 

.  1  1 0  7+  +  0S 

. 1 796b  +06 

.  1 SS7+  b  06 

.  7s 

C  V 

'  .  /M6  3+  104 

.  n  OAE  +  o:,i 

*  1  S S.T  b  0 6 

.  1 7  96  b  +  06 

0 . 00 

1  1 

. 

0 , 

0  . 

0  , 

0 . 00 

4 

' )  . 

,  1  0  7Sb  b  04 

- . 3086+  +04 

3087>b  b04 

6 . 00 

1 

4 

.  LI  C,L  +(C^. 

.6SS9L  b04 

■  .117  M  b  07s 

.  9  33  4+  b  (Cj 

^  .  0  0 

.  1  1  ’M.  b  0‘. 

.  0  0  :-i  b  b  0  4 

.V334b  fOS 

-  .  1.  1  73L  b  o,*> 

'  ^  .  uo 

1 

!  3 

,  L  <L  LI  -b  0’  . 

.  1  70  7b  b  03 

. 4  6  73+  b  0  4 

-  . 4  097b  b  04 

3  .  -'*0 

)  4 

.  CLLi  U)‘. 

.  1  SS  /b  b  03 

.  40971  b  04 

-  ,467  3b  b  0  4 

0  .  UO 

1  <; 

t 

*  L  L  tu  fon 

.  1  (’7  71  iO  ^ 

.  48'->6L  b  04 

. 4S88b  b  0  4 

3  .  'OO 

,C' 

.  .\M  U  H)L 

.1070  1^03 

•  . 4S88+  b  04 

. 4  896+  +04 

v '  ,  0  '0 

I 

.’V 

,  1  1  ,Ub  b  OS 

0  . 

0  . 

0. 

( - .  0 1  ■* 

.  1  I  3  3f  f  <):> 

0  . 

0  . 

0  . 

■  ^ .  oo 

}  .A 

n 

.  M  -’SI  M)S 

.  (S(C,SF  f  04 

- . 7334  +  b  OS 

.  .>747+  b  (V, 

3V  .  0/' 

6 

.  1  1  /Sb  b  ov- 

. 4VS7b  b  0  4 

.  /7>.‘>6b  b  OS 

.9  C^4b.  b  OS 

0  ,  L-O 

1  ' 

1  4 

..'36LL  b0‘^ 

.  1  76/1  bOL^, 

.  4  0  71  K)  4 

.V697I  b04 

7  8.  ( .  0 

1  C 

t  L  3  L  L  L  b  0  S 

.  1  ''O  7b  b0  3 

.  0/  0.>f  {  04 

. 4  09  7b  b  0  4 

0  .  <  ■ 

i:; 

C.' 

.  .C»3  3L  b  0:  . 

.  i  O.'/f  f  0  b 

.4:  .H8I  b  04 

.  34.>^b  b  04 

7  8 .00 

.'3 

. .S'3  0  b (/  . 

.  ]  07  7)  ^  u3 

.  ei7.^l  b  ^‘4 

. 4S88b  b  04 

0 ,  so 

1  V 

.11  331  bOS 

0  . 

0  . 

0  . 

0 . 0  0 

^  1 

.11  cn  b  OS 

0  , 

('1  . 

0  .  (>0 

.‘0 

.  1  1  LSL  b  OS 

.  497>7f  b04 

.  7«s66b  fOS 

.  7666b  4  OS 

0  .  ' 

(Continued) 


Table  C2  (Concluded) 


7 

. 1175E+05 

,5306E+04 

' . 9207E+05 

-.9207E+05 

3 . 00 

J 1 

15 

- ♦ 2362Ef05 

. 1767E+03 

.9692E+ 04 

,  1022E:  +  05 

3.00 

16 

-.2362ER05 

" . 1767Ef03 

. 1022Ef05 

. 9692E+04 

0.00 

n  '•> 

23 

-.2233E+05 

♦ 1027E+03 

.3426E+04 

. 3735Ef04 

3.  Oo 

24 

-  .2233E  +  ()5 

i027E1-03 

.3'35E+04 

»  3426t  +04 

0.00 

J3 

31 

1133E+05 

0. 

0. 

0. 

0.00 

32 

- . 1 133E  f05 

0, 

0, 

0. 

0.00 

24 

2 

0. 

0. 

0. 

0, 

0.00 

7 

0. 

. 1389E+04 

3472E  +  04 

- , 3472E+04 

■J.  00 

2J 

/ 

- .5977E+04 

. 1036E+05 

-■  .9354E  +  05 

-.685 IE +05 

2.50 

10 

-•  .5977E  +  04 

-.9667E+04 

.6851E  +  05 

"  .9354E:  +  05 

0.00 

26 

10 

~  .5V77E+04 

.9667Ef04 

■-.6851E  +  05 

.9968E+05 

35.31 

12 

- ,597 7E +04 

.  1  165E1-05 

1446Ef06 

1446E+06 

76 . 75 

:v 

12 

-  .5977E  +  04 

"  .  U65E  +  05 

1446E+06 

1446E+06 

0.00 

16 

“ , 5977E+04 

.  1228E  +  05 

-»1716E+06 

- . 1716E+06 

2 »  25 

2R 

16 

-.5800E  +  ()4 

.  1134E  +  05 

1613E+06 

- . 1365E+06 

2.25 

18 

- , 5800E+04 

1072E  +  05 

1365E  +  06 

-  .  1613E  +  06 

0.00 

2V 

1  8 

-  .5800f:  +  ()4 

.  1072E  +  05 

1365E+06 

. 7022E+05 

38 . 25 

20 

“.5800E+04 

. 1053E+05 

-» 1294E+06 

1365E+06 

0.00 

30 

20 

-.5800Ef04 

“.1053E+05 

-♦ 1294E+06 

-  .  129  4E  +  06 

0.00 

24 

-.5800E+04 

.  1 1  l6E  +  ()5 

1538E+06 

- . 1538E+06 

'■)  ")  r- 

31 

24 

.  5697E  +  04 

.  1117E  +  05 

1501E+06 

-» 1256E+06 

'■>  t 

26 

- . 5697E+04 

1055E  +  05 

1256E+06 

1501E+06 

0.00 

3? 

26 

,5697E+04 

,  1055E  +  05 

1256E+06 

. 7457E+05 

38.25 

28 

- ,5697Ef04 

.  1070E  +  05 

1316E  +  06 

- . 1316E+06 

76 . 50 

33 

28 

-  .5697E  +  ()4 

1070Ef05 

-  .  1316E+06 

- . 1 316E+06 

0.00 

32 

--.'J69  7E  +  04 

.  1 133E  +  05 

156  4E  +  06 

-  .  1564E  +  06 

'  ^  '^5 

34 

7 

0. 

.6703E+03 

-  .  1999E+()4 

(; . 

6.00 

8 

0. 

0. 

0. 

- . 1999E+04 

0.00 

JOIN  r 


struciokj:  ktAcnuNs 
FOkCt-:  X  FORCE  Y 


MOMENT 


/863r:;  +  u4 

-.3650E-01 

.  1552E  +  06 

569;^E+04 

0. 

-. 1564E+06 

rOTAL 


I  T06E  fOO 


36 'JOE  -  01 


c.  Moment  distribution 

d.  Moment  distribution 
Discussion  of  results 

10.  Results  obtained  by  the 
lated  on  sheets  2-4  of  Figure  C2 . 
with  ri'p^i  l^-ngths  are  identical. 


with  rigid  lengths, 
without  rigid  icuicjths . 

five  procedures  discussed  above  are  tabu- 
The  forces  obtained  by  CORTCUL  and  CFRAME 
Omission  of  the  rigid  lengtli  t'ffect  result 


in  lower  calculated  bending  moments  but  has  only  a  slight  effect  on  shears 
and  axial  forces. 

11.  The  moment  distribution  procedure  ignores  the  effect  of  axial 
shortening  on  bending  moments.  Due  to  axial  shortening,  the  moment  distri¬ 
bution  procedure  underestimates  bending  moments  at  some  locations  by  approx¬ 
imately  7  percent  in  this  illustration.  The  magnitude  of  the  effect  of 
axial  shortening  on  bending  moments  depends  on  the  relative  axial  and  flex¬ 
ural  shear  stiffnesses  of  the  culvert  members.  For  some  systems,  particu¬ 
larly  those  with  nonuniform  base  pressure  distributions,  bending  moments 
predicted  by  moment  distribution  may  be  significantly  in  error. 


Verification  of  DESIGN  Calculations 


WSD  procedures 

12.  The  base  member  of  the  single-cell  culvert  designed  by  CORTCUb  for 
one-to-one  loading  by  WSD  procedures  and  shear  design  option  2  (see  pages 
B6-B11)  is  used  for  this  illustration.  Design  dimensions,  loading,  material 
properties,  and  forces  are  shown  on  sheet  1  of  Figure  C3. 

13.  The  clear  span- to-depth  ratio  for  this  member  dictates  that  Uni¬ 
versity  of  Illinois  440  shear  design  (critical  section  at  O.lSv.  )  be  used. 

n 

Shear  and  axial  load  at  the  critical  section  are  siiown  on  sheet  1  of  Figure 
C3.  Actual  and  allowable  shear  stresses  at  the  critical  location  are  shown 
on  sheet  2  of  Figure*  C3.  Although  thi?  allowable  shear  stress  is  signifi¬ 
cantly  greater  than  actual,  reduction  of  the  section  thickness  by  1  in, 
would  place  tlie  se:!Ction  in  the  range  of  dirT>t:nsiens  covered  by  ACl-0  3.  The^ 
lower  aliowal.>lG  shear  stress  permitted  by  ACT -63  would  result  in  overstress 
at  the  critical  section. 
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span  is  shown  on  shc'Cts  2  and  3  of  Picture  C3.  The  actual  comj^ression  stress 
is  well  below  the  allowable.  Note  th<it  I'ORTCUIi  indic:«ite.s  tliat  sht'ar 
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from  the  U-of-X  440  procedure  are  compared  on  sheet  2  of  Figure  C6. 

24.  Hand  calculations  for  the  flexure  factor  of  safety  at  the  left 
face  of  the  cleeu:  span  are  outlined  on  sheets  2  and  3  of  Figure  C6.  Note 
that  the  increase  in  effective  depth  d  due  to  the  haunch  is  included. 
Ihe  difference  in  flex\ire  factors  of  safety  is  due  to  truncation  in  the 
hand  calculations. 
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In  accordance  with  letter  from  DAE.\-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a  facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


Dawkins,  William  P 

User's  guide:  Computer  program  for  design  or  investigation 
of  orthogonal  culverts  (CORTCUL)  ;  Final  report  /  by  William  P. 
Dawkins  (Department  of  Civil  Engineering,  Oklahoma  State 
University)  ;  prepared  for  Office.  Chief  of  Engineers,  U.S. 
Army  ;  monitored  by  Automatic  Data  Processing  Center,  U.S, 

Army  Engineer  Waterways  Experiment  Station  ;  Springfield, 

Va.  :  available  from  NTIS,  1981. 

75,  [116]  P*  :  ill.  ;  27  cm,  --  (Instruction  report  /  U.S. 
Army  Engineer  Waterways  Experiment  Station  ;  K-81-7) 

Cover  title. 

"March  1981." 

"A  report  under  the  Computer-Aided  Structural  Engineering 
(CASE)  Project." 

"Under  Contract  No.  DACW39-80-M-0334 . " 

Bibliography:  p.  75. 

1.  Computer-Aided  Structural  Engineering  (CASE)  Project. 

2.  CORTCUL  (Computer  program).  3,  Culverts.  I.  Oklahoma 
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Dawkins,  William  P 

User's  guide:  Computer  program  for  design  or  investigation 
of  orthogonal  culverts  (CORTCUL)  :  ...  1981. 

(Card  2) 

State  University.  11.  United  States.  Army.  Corps  of  Engi¬ 
neers.  Office  of  the  Chief  of  Engineers.  III.  United  States. 
Army  Engineer  Waterways  Experiment  Station.  Automatic  Data 
Processing  Center.  IV.  Title  V.  Series:  Instruction 
report  (United  States.  Army  Engineer  Waterways  Experiment 
Station)  ;  K-81-7. 
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